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PREFACE 


This  report  was  prepared  by  General  Electric  Ordnance  Systems,  100 
Plastics  Avenue,  Pittsfield,  Massachusetts,  for  Rome  Air  Development 
Center,  Griffiss  Air  Force  Base,  Rome,  New  York,  under  contract 
F30602-78-C-0195.  It  covers  the  period  from  Sept.  1978  to  Sept. 

1980.  An  interim  Technical  Report  (RADC-TR-80-49)  was  prepared  in 
1979  (dated  May  1980)  covering  in  detail  the  work  accomplishments  for 
the  first  year's  effort.  This  final  report  focuses  upon  the  work 
accomplished  in  the  second  year  ending  September  1980;  highlights 
from  the  first  year  are  also  included. 

The  work  on  this  project  was  performed  by  the  Electronic  Circuits 
Engineering  Operation  of  Ordnance  Systems.  Project  responsibility 
was  held  by  Mr.  John  Kulpinski  of  Circuit  Design  Engineering.  Key 
individuals  who  made  significant  contributions  to  this  work  effort 
were  Messrs.  Louis  Carrozza,  Theodore  Simonsen,  Donald  Van  Alstyne 
of  Circuit  Design  Engineering  and  Messrs.  Larry  Deluca,  John  Dunn, 
Robert  Mossman,  Daniel  Mui ,  Jamie  Schwehr,  George  Smith  and  Thomas 
Wetzel  of  Circuit  Test  Engineering. 

Mr.  Thomas  Dellecave,  RBRA,  is  the  Project  Engineer  at  RADC  for  this 
contract. 
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Eo 
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G 

GE 
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HL 

Hz 
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IL 
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IQ 
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No 
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pk 
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QPL 

Qualified  Product  List 
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Rome  Air  Development  Center 
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Reference  Digital-to-Analog  Converter 

RF,  Rf 

Amplifier  feedback  resistor 

RI 

Amplifier  input  scanning  resistor 

Ri 

Input  resistance 

RSC 

Series  charge  resistance 

RL 

Load  resistance 

s,sec 

Second 

SA 

Successive  approximation 

SAR 

Successive  approximation  register 

SC 

Start  convert 

S/H 

Sample  and  hold  circuit 

S/N 

Serial  number 

SO 

Serial  output  (A/D  converters) 

SR(+) 

Slew  rate  (max  dVo/dt),  positive 

TA 

Ambient  temperature 

tap 

Aperture  time  (S/H) 

taq 

Acquisition  time  (S/H) 

Tc 

Case  temperature 
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tc.tCT 

T.C. 

td 

tpHL 

tpLH 

TR(tr) 

TR(ts) 

TR(os) 

ts  (power) 

ts  (strobe) 

tSHL 

tSLH 

tTHL 

tTLH 

TTL 

T2L 


Conversion  time  for  an  A/D  Converter 
Temperature  coefficient 
Delay  time 

High  to  low  propagation  delay  time 

Low  to  high  propagation  delay  time 
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Digital  signal  rise  time 
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u 

uA 

uF 

uV 
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VHC 
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Vi(N) 

VIH 

VIL 

VIN 
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VIO 

VIO  ADJ(+) 

Vlog 

VM 
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SECTION  I 


INTRODUCTION 


Objectives 


The  overall  objective  of  this  work  effort  is  to  characterize  and  specify 
certain  linear  microcircuit  devices  for  Inclusion  in  MIL-M-38510 
("General  Specification  for  Microcircuits")  detailed  slash  sheets. 

Generally,  “characterization”  of  a  device  type  includes  several  related 
tasks : 

o  Assessment  of  test  parameters,  limits,  and  test  conditions, 
o  Development  of  test  procedures  and  test  circuits  compatible  with 
automatic  test  systems. 

o  Analysis  of  limits  and  verification  of  test  circuits  via  sample 
device  testing  and  data  evaluation, 
o  Assessment  of  device  performance,  identification  of  anamolies. 
o  Generation  and  verification  of  detailed  burn-in  life  test  circuits 

Concurrent  with  characterization,  detailed  MIL-M-38510  slash  sheet 
development  includes: 

o  Formulation  of  Table  I,  Electrical  Performance  Characteristics 
selection  of  test  parameters  required  by  military  users  and 
determination  of  test  conditions  and  limits,  compatible  with 
automatic  test  methods  and  with  device  yield. 

o  Formulation  of  Table  II,  Electrical  Test  Requirements;  Table  III, 
Group  A  Inspection;  Table  IV,  Group  C  End  Point  Electrical 
Parameters. 

o  Design  of  static  and  dynamic  test  circuits,  terminal  connection 
diagrams,  steady-state  power  and  reverse  bias  burn-in  circuits, 
accelerated  burn-in  and  life  test  circuits. 

All  of  the  above  activity  is  either  guided  by  or  reviewed  by  the 
manufacturers  of  the  devices  involved,  and  by  Rome  Air  Development 
Center  (RADC). 

Another  objective  of  this  effort  is  to  provide  follow-up  support  for 
maintaining  existing  linear  MIL-M-38510  slash  sheets  to  current  status, 
including  support  to  Rome  Air  Development  Center  for  manufacturer 
qualification  and  related  activities. 

All  of  the  characterization  and  specification  effort  performed  is  guided 
by  the  fundamental  objectives  of  the  JAN  38510  program  -  namely  quality, 
reliability,  interchangeability,  and  standardization 
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Scope  of  Applied  Effort 


The  specific  tasks  included  in  this  effort  are  the  characterization  and 
specification  of  the  following  generic  device  types: 

o  Adjustable  Positive  Voltage  Regulators 
o  Adjustable  Negative  Voltage  Regulators 
o  Precision  BIFET  Op  Amps 

o  Multiple  BIFET  Op  Amps  (single,  dual,  quad) 
o  12-bit  A/D  Converters 
o  12-bit  D/A  Converters 
o  Precision  Voltage  References 
o  Programmable  Voltage  References 
o  Precision  Sample  and  Hold  Circuits 

Additional  required  tasks  included: 

o  Assessment  of  pending  changes  to  existing  MIL-M-38510  linear  slash 
sheets. 

o  Support  to  RADC  in  the  evaluation  of  manufacturer  qualification 
submittals. 

o  Recommendation  to  RADC  of  devices  types  to  be  considered  for 
MIL-M-38510  specification. 

o  Review  of  MIL-M-38510  specifications  generated  by  other  activities 
(RADC,  NASA). 

o  Attendance  at  JC-41  Committee  and  Subcommittee  meetings, 
o  Survey  of  user  needs  and  manufacturer  recommendations  for  data 
converter  specification  development. 

Background 

General  Electric  Ordnance  Systems,  one  of  166  operating  product 
departments  of  the  General  Electric  Company,  develops  and  produces 
precision  electromechanical  and  electronic  military  systems.  Current 
activities  include  development,  design  and  production  of  fire  control 
and  guidance  systems  for  the  Navy's  TRIDENT  Fleet  Ballistic  Missile 
program,  the  MK  73  Gun  and  Guided  Missile  Director  (TARTAR),  the  MK  80 
Director  (AEGIS),  the  PHALANX  close-in  weapon  system,  MK  45  Gun  Mounts, 
turret  drive  and  stabilization  systems  for  the  Army's  Infantry  Fighting 
Vehicle,  advanced  torpedo  propulsion,  and  jet  engine  controls. 

As  users  of  microcircuits  for  military  systems,  Ordnance  Systems  has 
also  performed  electrical  characterization  of  certain  linear,  digital, 
and  interface  microcircuits  for  MIL-M-38510  specification  under 
contracts  to  Rome  Air  Development  Center.  These  specification 
activities  date  back  to  1971  and  include  sixteen  separate  contracts. 


General  Electric  began  this  current  effort  in  MIL-M-38510  linear 
microcircuits  in  September  of  1978,  having  previously  completed  similar 
characterization  and  specification  contracts  in  1976  and  1977. 
Philosophies  for  establishing  parameters,  limits,  and  test  circuits  for 
conventional  devices  like  op  amps,  comparators,  and  regulators  were 
developed  and  coordinated  with  RADC,  DESC,  and  the  device  manufacturers. 

This  current  effort  extended  past  efforts  to  newer  devices  and  to 
additional  generic  families,  and  in  addition  established  important 
groundwork  in  the  development  of  automatic  tests  and  specifications  for 
high-resolution  (12-bit)  data  converters.  However,  previously- 
negotiated  philosophies  could  not  be  applied  directly  to  these  markedly 
different  generic  families.  (For  example,  an  all-codes  linearity  test 
for  a  12-bit  data  converter  requires  4096  data  points  at  each  of  3 
temperatures  and  two  power  supply  levels.) 

Currently  there  are  approximately  thirty  completed  and  in-process 
linear/interface  slash  sheets  in  the  MIL-M-38510  program.  Six  slash 
sheets  are  devoted  to  Op  Amps,  including  the  bipolar  "standards", 
followers,  BIFETs,  quads,  high-slew  rate,  and  lo-power  and  lo-noise 
BIFETs.  Comparators,  transistor  arrays,  and  precision  timers  are 
contained  in  four  slash  sheets,  as  are  CMOS  and  JFET  analog  switches. 
Voltage  regulators  are  specified  in  six  separate  slash  sheets,  and 
precision  voltaage  references  in  two  others.  Three  slash  sheets  are 
devoted  to  D/A  Converters,  and  one  each  to  A/D  Converters,  sample-hold, 
peripheral  drivers,  memory  core  drivers,  and  line  drivers  and  receivers. 


Development  of  Slash  Sheets 

A  procedure  for  developing  new  slash  sheets  to  MIL-M-38510  has  evolved 
through  negotiations  among  all  concerned  parties.  Device  selection  is 
influenced  by  user  needs,  which  is  determined  from  the  marketplace  and 
from  organized  committees,  such  as  the  Military  Parts  Control  Group 
(MPCAG)  at  DESC,  the  G12  Solid  State  EIA  Device  Committee,  and  the 
Microelectronics  Project  Group  of  the  Electronics  Systems  Committee  of 
AIA.  These  recommendations  are  balanced  with  manufacturer 
recommendations  obtained  via  the  JC-41  Committee  on  Linear 
Microcircuits.  Devices  of  recent  vintage,  having  high  usage,  multiple 
application  potential  in  military  systems,  proven  performance,  and  two 
or  more  sources  are  given  priority.  Single-source  devices  are 
acceptable,  especially  for  hybrid  devices,  although  multiple  sources  are 
preferred.  Availability  of  devices,  and  expressed  manufacturer  interest 
in  supporting  slash  sheet  development,  are  additional  important 
considerations.  Manufacturers  typically  recommend  devices  for  slash 
sheet  action  in  JC-41  Committess,  and  then  chair  a  JC-41  Subcommittee 
for  preparation  of  slash  sheet  parameters,  limits,  and  test  circuits. 


The  industry  data  sheet  forms  the  basis  for  the  military  specification 
parameters  and  limits.  Typically,  such  data  sheets  do  not  specify  all 
of  the  necessary  parameters  over  the  military  temperature  range  and  over 
the  common  mode  voltage  range.  The  JC-41  Subcommittee,  or  the  device 
manufacturer,  usually  prepares  a  proposed  spec  which  contains  more 
information  than  the  industry  data  sheet.  Conflicting  items  are 
negotiated  in  committees  or  via  direct  contact  with  manufacturers. 

Data  provides  another  base  for  determining  parameters  and  limits. 

Devices  for  test  are  purchased  from  distributors,  are  also  obtained  from 
manufacturers  via  RADC  request.  Test  circuits,  compatible  with 
automatic  test  systems,  are  developed.  The  devices  are  tested  on  a 
Tektronix  S3263  Automatic  Test  System  at  GE  Ordnance  Systems  Electronic 
Test  Center.  Data  obtained  at  -55°C,  +25°C,  and  +125°C  ambient  is 
correlated  to  bench  or  vendor  test  data,  analyzed,  reduced  and 
documented  in  data  handbooks.  Recommended  limits  are  compared  to  the 
statistical  sample  data;  parameter  limits  which  are  grossly  inconsistent 
with  the  data  are  readily  identified. 

Specification  additions,  changes,  and  alternate  approaches  are  discussed 
at  the  committee  level.  Device  anomalies  are  identified  in  lab  bench 
tests.  Failure  modes  are  also  identified.  User  caution  notes  are  added 
to  the  specification  if  it  is  deemed  appropriate. 

Burn-in  circuits  are  usually  recommended  by  the  manufacturer  and 
evaluated  by  RADC  and/or  GEOS  on  the  available  test  samples.  An 
objective  is  to  minimize  the  number  of  external  components  while 
stressing  the  device  near  its  limits. 

Rough  draft  copies  of  the  final  slash  sheet  are  prepared  at  GEOS  and  are 
forwarded  to  RADC  for  review.  DESC  distributes  copies  of  this  spec  to 
manufacturers  and  users  for  final  comments.  Following  assessment  of  the 
comments  by  all  concerned  parties,  DESC  prepares  and  issues  the  slash 
sheet. 

Characterization  Data 


Data  obtained  during  device  characterization  is  usually  published  in 
handbook  form  separate  from  this  document.  Samples  of  the  data  sheets, 
histograms,  and  plots,  are  included  in  this  report.  The  following  data 
handbooks  were  published  during  this  contract  effort: 

Characterization  Data  for  MIL-M-38510/1 14,  BIFET  Op  Amps 
(Commercial  Types  LF  155,  -156,  -157)  Nov  78 


Characterization  Data  for  MIL-M-38510/114,  BIFET  Op  Amps 
(Commercial  Types  LF155A,  -156A,  -157A)  April  1979 


Characterization  Data  for  MIL-M-38510/119  Multiple  BIFET  Op  Amps 
(Commercial  Types  TL  061,  -062,  -064,  TL  071,  -072,  074, 
uAF  771,  -772,  -774,  LF  151,  -153,  -147)  Oct  79 

characterization  Data  for  MIL-M-38510/117  and  /1 18 ,  Positive  and 
Negative  Adjustable  Voltage  Regulators 
(78MG,  78G ,  79MG,  79G)  Dec  79 

Characterization  Data  for  MIL-M-38510/117  and  /118, 

Positive  and  Negative  Adjustable  Voltage  Regulators 
(LM117H,  LM117K,  LM137H,  and  LM137K)  Dec  79 

Characterization  Data  for  MIL-M-38510/117,  Positive  Adjustable 
Voltage  Regulators  (LM150K  and  LM138K)  May  80 

Characterization  Data  for  MIL-M-38510/121 ,  12-Bit  D/A  Converter 
(AD562  and  HI562)  May  80 

Characterization  Date  for  MIL-M-38510/125,  Sample  and  Hold 
Circuits  (LF198)  Sept  1980 

Characterization  Data  for  MIL-M-38510/124,  Precision  Voltage 

References  and  MIL-M-38510/128,  Programmable  Voltage  References 
(LM129A,  LM199A;  AD584)  Nov  1980 

Characterization  Data  for  MIL-M-38510/120,  12-Bit  A/D  Converters 
(MN5200  and  5210  families)  In  process 

Formal  Meetings  Attended  (GE  internal  meetings  not  included) 

JC-41  Committee  on  Linear  ICs 

Nov.  1,  2,  1978  -  Phoenix,  AZ 

Feb.  27,  28,  1979  -  Monterey,  CA 

June  19,  20,  1979  -  Washington,  DC 

Oct.  2,  3,  1979  -  Orlando,  FL 

Feb.  5,  6,  1980  -  Phoenix,  AZ 

June  10,  11,  1980  -  Washington,  DC 

Oct.  7,  8,  1980  -  Burlington,  MA 


JC-41  Subcommittee  Meetings 

Feb.  6,  1979  562  Converter  Task  Group  Peabody,  MA 

Feb.  7,  1979  5200  Converter  Task  Group  Peabody,  MA 

May  1,  1979  5200  Converter  Task  Group  Pittsfield,  MA 

May  29,  1979  5200  Converter  Task  Group  Sturbridge,  MA 

Aug.  14,  1979  CMOS  D/A  Converter  Task  Group  San  Jose,  CA 

Aug.  15,  1979  Sample/Hold;  Voltage  References  San  Jose,  CA 

Task  Group 

Nov.  27,  1979  BIFET  Op  Amp  Task  Group  San  Jose,  CA 

April  15,  1980  562  Converter  Task  Group  Pittsfield,  MA 

April  16,  1980  5200  Converter  Task  Group  Pittsfield,  MA 

Aug.  11,  1980  5200  Converter  Task  Group  Sturbridge,  MA 

RADC/GE  Meetings 

Sept.  21,  1979  Contract  Plans 

Feb.  22,  1979  Contract  Status 

May  2,  1979  Contract  Status 

May  22,  1979  Contract  Status 

Aug.  8,  1979  Contract  Status 

Nov.  8,  1979  Contract  Plans 

Nov.  29,  1979  Contract  Plans 

Mar.  4,  1980  Contract  Status  &  Plans 

Aug.  13,  1980  Contract  Status 


Wilmington,  MA 
Worcester,  MA 
Mounts  inview,  CA 

Santa  Clara,  CA 


Vendor  Visits 

Jan.  15,  1979  re  5200/562,  Analog  Devices, 

Jan.  16,  1979  re  5200,  Micro  Networks, 

Nov.  26,  1979  re  BIFET  Fairchild 

Op  Amps,  Semiconductor, 
Nov.  27,  1979  re  198,  National 

Semiconductor, 


Pittsfield,  MA 
Pittsfield,  MA 
Pittsfield,  MA 
Rome ,  NY 
Pittsfield,  MA 
Rome ,  NY 
Pittsfield,  MA 
Rome,  NY 
Pittsfield,  MA 
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SECTION  II 

AUTOMATIC  TEST  DEVELOPMENT 


2.1  Introduction 

All  the  linear  characterization  efforts  required  the  accumulation  and 
subsequent  reduction  of  vast  amounts  of  test  data.  For  both  of  these 
tasks,  GE  made  extensive  use  of  a  Tektronix  S-3260/70  test  system  and  a 
Tektronix  software  development  system.  This  section  will  describe  the 
test  system  and  the  general  approach  to  expanding  its  capabilities.  A 
few  displays  cf  raw  and  of  reduced  data,  which  have  been  developed  for 
the  device  evaluations,  will  also  be  shown.  Although  several  of  the 
data  displays  somewhat  standardized,  many  of  the  linear  device  types 
required  the  development  of  unique  data  displays  in  order  to  effectively 
illustrate  device  performance  in  an  easily  digestible  form. 

2.2  Tektronix  S-^260/70  Test  System  Features 

The  model  number  S-3260/70  indicates  that  the  test  system  has 
characteristics  found  in  both  the  3260  and  3270  systems.  However  at  the 
time  this  report  was  written,  the  system  was  undergoing  an  upgrade  which 
gave  it  the  full  capability  of  an  S-3270. 

The  test  system  is  fully  equipped  to  provide  a  state-of-the-art 
engineering  tool  for  device  characterization.  The  CPI 162  System 
Controller  has  the  Date/Time  Option  that  gives  the  ability  to  store  date 
and  time  information  in  the  directory  and  data  files.  System 
peripherals  include  a  4014  Graphics  Display  Terminal,  two  CPI 10  Disk 
Drives,  a  CP220  Reader/Punch,  and  LA180  Decprinter  I  and  a  4631  Hard 
Copy  Unit. 

For  voltage  and  current  measurement  and  device  stimulation,  the  system 
contains: 

1804  Test  Station,  which  contains  many  test  functions  and  all 
electronics  to  interface  the  device  under  test  (DUT)  to  the  system. 

2943/44  Clock  Generators,  which  provide  10  driving  and  4  comparing 
programmable  phases. 

Option  20  Waveform  Digitizer,  which  provides  the  capability  of 
converting  1000  points  on  a  waveform  to  10-bit  digital  values. 

Once  the  waveform  is  thus  stored  in  memory,  software  can  be  used 
to  determine  such  things  as  rise  time,  overshoot,  settling  time, 
etc. 

Six  programmable  voltage  sources. 

Two  programmable  current  sources. 
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Temptronix  450A  Temperature  Chamber,  which  allows  programmable 
DUT  temperatures  from  -60  deg  C  to  +  160  deg  C. 

IEEE  Bus  Interface  Card,  which  allows  the  addition  of  IEEE  488 
compatible  equipment  to  the  system. 

With  these  hardware  components,  the  test  system  has  the  following 
features: 

Accommodates  up  to  128  active  pins  (64  input,  64  output) 

Functional  testing  at  20  MHz;  force,  compare,  mask  and  store 
at  20  MHz 

DC  Tests:  Differential  voltage  measurements;  force  V,  measure  I; 
force  I,  measure  V 

Dynamic  Testing:  Repetitive  and  one-shot  time  measurements; 
functional  preconditioning 

GO/NO-GO  and  analytical  test  capability 

On-line  interactive  program  development 

Digital  waveform  analysis  (1  sample/picosecond) 

DUT  environmental  control  (-60  deg  C  to  160  deg  C) 

Data  logging  and  reduction.  Computer  graphics  display 

Tektronix  System  Accuracy 

The  linear  test  programs  were  developed  to  utilize  the  internal 
Tektronix  measurement/stimulus  hardware  as  much  as  as  possible.  However 
for  many  measurements,  the  Tektronix  system  could  not  provide  the 
required  accuracy.  In  these  cases,  more  accurate  external  equipment 
was  utilized  via  the  IEEE  488  Bus.  Two  disadvantages  in  using  external 
equipment  are: 

1)  additional  core  is  required  to  store  the  488  bus 
control  routines  and, 

2)  execution  time  for  external  functions  is  significantly 
longer  than  time  to  execute  internal  Tektronix  functions. 


#  ..  .  . . 
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Table  2.1  lists  instruments  which  are  available  for  use  with  the 
S-3260/70. 

Table  2.1  IEEE-488  Interfaced  Instruments. 


Manufacturer 

Model 

Description 

Fluke 

8502A 

Precision  Digital  Multimeter 

Hewlett  Packard 

3455A 

Precision  Digital  Voltmeter 

Hewlett  Packard 

4262A 

LCR  Meter 

Hewlett  Packard 

5328A 

Universal  Counter 

Fluke 

5100A 

Calibrator 

Kepco 

488-122 

Power  Supply  Programmer 

ICS  Electronics 

4880 

Instrument  Coupler 

Hewlett  Packard 

2240A 

Measurement  and  Control  Processor 

North  Atlantic 

225 

Phase  Angle  Voltmeter 

Figures  2-1  through  2-13  illustrate  the  accuracies  of  the  internal 
Tektronix  measurement  and  stimulus  functions.  Also,  for  certain  internal 
functions,  the  accuracy  of  the  external  equipment  that  provides  the  same 
function,  is  displayed  for  comparison. 

On  many  occasions,  neither  the  internal  Tektronix  equipment  nor  the 
external  equipment  had  sufficient  accuracy,  or  response  time.  These 
cases  required  test  adapter  circuitry  to  interface  the  device  under  test 
(DUT)  to  the  test  equipment.  These  cases  will  be  described  in  the 
appropriate  chapters  covering  the  individual  linear  device  types. 

Correlation 

Testing  linear  devices  on  the  Tektronix  system  has  required  the 
implementation  of  many  new  test  techniques.  Each  new  technique,  whether 
in  the  form  of  adapter  circuitry  or  software,  must  be  verified  as 
accurate.  In  general,  the  first  step  of  verification  was  to  determine 
that  the  technique  is  designed  to  provide  a  measurement  that  is  at  least 
10  to  1  times  more  accurate  than  the  tolerance  of  the  parameters.  For 
instance  a  parameter  of  5.0  volts  plus  or  minus  10%  must  be  measured  by 
a  meter  that  is  at  least  accurate  to  plus  or  minus  1%  when  measuring  5.0 
volts. 


II-3 


I 


i 


Verification  of  accuracy  also  included  comparison  of  data  taken  by  the 
new  technique  to  data  taken  by  an  alternate  method  -  usually  on  a  bench 
circuit.  When  data  from  the  two  techniques  did  not  agree,  an  analysis 
of  error  contributions  was  performed  and  corrections  made  if  it  was  felt 
that  the  error  was  significant. 

Correlation  of  Tektronix  data  from  the  sample/hold  devices  to  bench  and 
vendor  data  uncovered  many  discrepancies  and  resulted  in  several  test 
program  modifications  to  improve  test  techniques. 

Data  Reduction 

The  presentation  of  test  results  is  extremely  important  in  any 
characterization  effort.  Raw  data  printouts  are  required  for  record, 
but  are  usually  not  organized  in  a  manner  that  enables  one  to  scan  them 
to  assess  general  parameter  trends. 

Data  Tables 


For  the  linear  devices,  the  first  step  in  data  reduction  was  organizing 
raw  data  into  tables.  Figure  2-14  and  2-15  illustrate  two  variations  of 
data  tables.  Figure  2-14  illustrates  data  taken  from  sample/hold 
devices.  Figure  2-15  is  the  form  of  table  used  for  the  584  Voltage 
Reference.  The  left  hand  entries  indicate  the  test  parameters  and  test 
conditions.  In  Figure  2-14  the  data  from  a  particular  device  is  entered 
in  the  column  beneath  the  serial  number  of  that  device.  In  Figure  2-15, 
the  data  taken  at  various  temperatures,  for  a  single  device,  is  entered 
in  columns.  Note  that  in  both  figures  the  low  test  specification  limit 
for  each  parameter  is  on  the  left  of  the  device  data  and  the  high 
specification  limit  is  on  the  right  hand  side  of  the  data.  This  enables 
the  reader  to  more  easily  determine  if  a  measurement  on  a  device  lies 
mathematically  between  the  specif ication  limits. 

Data  Summaries,  Line  Graphs 

A  large  quantity  of  devices,  such  as  the  sample/hold  or  for  devices  such 
as  the  D/A  and  A/D  with  a  large  number  of  data  points,  data  tables  are 
too  voluminous  for  a  reader  to  mentally  reduce  and  detect  trends. 
Therefore  the  large  quantities  of  data  must  also  be  presented  in  a 
summarized  form. 

Figure  2-16  is  a  line  graph  of  an  LF156  Op-Amp  input  bias  current  vs. 
common  mode  voltage.  With  this  plot,  one  can  easily  see  the 
relationship  between  the  two  parameters. 
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Figure  2-17  is  a  plot  of  linearity  error  (In  LSBs)  for  all  codes  between 
0  and  800.  The  plot  is  one  of  five  sheets  developed  for  each  562  D/A 
device.  The  linearity  plots  were  very  instrumental  in  verifying  the 
effectiveness  of  an  abbreviated  linearity  test  for  562  devices. 

Although  five  seperate  sheets  were  required  for  each  device  under  each 
set  of  operating  conditions,  one  set  of  sheets  allows  one  to  quickly 
assess  qualitatively,  the  linearity  error  of  4096  codes. 


Histograms 


Tektronix  software  included  a  basic  histogram  routine  which  was  modified 
by  GE  to  provide  the  variations  shown  in  Figures  2-18  and  2-19.  Figure 
2-18  has  grouped  eighty-one  op-amp  devices  according  to  input  bias 
current.  The  histogram  differs  from  the  basic  Tektronix  histogram  in 
that  the  bars  are  filled  in  and  are  separated  by  a  narrow  non-darkened 
region.  Figure  2-19,  another  histogram  variation,  groups  the  codes  from 
a  single  D/A  device,  according  to  the  magnitude  of  each  code's  error. 
This  type  of  plot  is  very  useful  in  comparing  general  linearity  error 
characteristics  of  one  device  to  another. 
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Figure  2-6.  S 3260/70  -  Time  Measurement  Accureciee 
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Figure  2-8.  S 3260/70  -  Clock  Cycle  Accuracies 
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Figure  2-9-  S3260/70  -  D70  Pin  Electronics  Card  Accuracies 
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Figure  2-10.  S3260/70  -  Forcing  Voltage  Accuracies 
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Figure  2-12.  Fluke  8100B  Meter  Calibrator  -  Forcing  Voltage  Accuracies 
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Figure  2-15.  Table  of  Characterization  Data  for  One  Voltage  Reference 
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SECTION  III 

BI-FET  OPERATIONAL  AMPLIFIERS 
MIL-M-38510/ 1 14 A 

3.1  Introduction 

This  report  updates  and  completes  the  characterization  work  which  was 
covered  in  an  earlier  RADC  technical  report.  Table  3-1  gives  some 
specifics  on  the  devices  tested  and  their  relationship  to  the  military 
slash  sheet  device  types. 


Table  3-1.  Table  of  Device  Types  Specified. 


Device  Generic  Manufacturer 

BI-FET  Op  Amp 

Type 

Type 

Symbol 

Description 

- 

LF355 

T 

Low  power  (consumer  grade) 

11401 

LF155 

F, 

S 

Low  power 

11402 

LF156 

A, 

F, 

S 

Wideband 

11403 

LF157 

A, 

s. 

N 

Wideband,  undercompensated 

11404 

LF155A 

N, 

P 

Low  power,  low  offset 

11405 

LF156A 

N, 

P, 

I 

Wideband,  low  offset 

11406 

offset 

LF157A 

P 

Wideband,  undercomp.,  low 

A  =  Advanced 

Micro  Devices 

I 

=  Intersil 

F  =  Fairchild 

P 

=  Precision  Monolithics 

N  =  National 

Semiconductor 

T 

=  Texas  Instruments 

S  =  Signetics 

The  manufacturer  symbol  column  reflects  the  source  of  the  devices,  which 
were  characterized.  Most  manufacturers  produce  most  of  the  generic 
types  even  though  they  are  not  listed  for  each  category  in  the  table. 
Since  the  characterization  effort  at  GEOS  has  been  completed  several 
manufacturers  have  discontinued  production  of  part  or  all  of  the  LF155 
series  of  BI-FET  op  amp  devices.  As  of  this  writing  (August  1980)  only 
National,  AMD  and  PMI  remain  as  sources  of  these  devices.  It  is 
suspected  that  manufacturing  difficulties  and  market  competition  from 
these  newer  low  cost  family  of  multiple  BI-FET  op  amps,  reported  in 
Section  IV,  has  caused  this  to  happen. 

As  the  name  implies,  "BI-FET"  stands  for  a  mixed  technology  process  in 
which  bipolar  and  field  effect  transistors  are  combined  on  the  same 
monolithic  integrated  circuit.  Standard  bipolar  processing  is  used  for 
most  of  the  circuit  elements  except  for  the  top  gate  and  channel  of  the 
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J-FETs,  which  depend  on  the  ion  implantation  process.  Matched  input 
j-FETs  having  low  offset  voltage  and  offset  voltage  drift  is  the  big 
contribution  of  the  ion  implantation  process. 

With  J-FET  input  transistors,  the  input  bias  currents  are  typically 
under  100  pA.  Also,  bandwidth  and  slew  rate  are  not  severely 
compromised  by  low  input  bias  current  as  in  the  case  with  bipolar 
transistor  front  ends  having  low  input  bias  currents.  Obviously  the 
BI-FET  process  enables  the  best  features  of  bipolar  and  J-FET 
transistors  to  be  incorporated  into  the  design  of  the  IC  op  amp. 

A  review  of  linear  device  applications  in  military  systems  as  well  as  a 
JC-41  Committee  priority  list  were  factors  in  characterizing  and 
developing  a  slash  sheet  for  this  multi-sourced  family  of  devices. 

3.2  Description  of  Device  Types 

A  typical  schematic  circuit  of  a  BI-FET  op  amp  is  shown  in  Figure  3-1. 
Matched  J-FET  transistors  are  used  for  the  differential  input  gain 
stage,  the  input  current  source  loads  and  the  offset  adjustment  control. 
The  drain  outputs  of  the  input  P-channel  J-FETs  feed  a  differential 
bipolar  transistor  stage.  Signal  conversion  from  differential  to 
single-ended  is  made  at  the  collector  of  Q8.  Since  current  sources 
exist  at  both  the  source  and  drain  terminals  of  the  input  J-FETs,  some 
mechanism  must  also  exist  to  deal  with  the  excess  common  mode  current 
which  is  sourced  from  Q1 ,  but  not  sunk  by  J10  and  JII.  Common  mode 
feedback  from  the  differential  bipolar  stage  current  source  to  the 
source  terminals  of  J1  and  J2  solves  this  problem. 

With  J-FET  input  transistors  the  op  amp  bias  currents  +  IiB,  and  -  IiB 
are  much  smaller  than  is  possible  with  bipolar  transistors.  Since  these 
currents  are  leakage  currents,  they  are  temperature  sensitive  and 
approximately  double  for  every  10°C  increase  in  temperature.  Low  noise 
and  good  high  frequency  response  are  other  benefits  of  the  J-FET  front 
end  transistors.  The  single-ended  output  signal  from  Q8  and  its  J3 
current  source  load  is  further  amplified  by  the  class  B  output  stage. 
This  output  stage  is  a  little  unusual  in  that  a  J-FET,  J5,  complements 
the  other  bipolar  output  transistors.  Replacing  the  standard  PNP  output 
transistor  with  a  J-FET  increases  the  phase  margin  of  the  device  and 
thus  enhances  the  stability  of  the  device  for  driving  high  capacitance 
loads . 

Capacitor  C2  is  the  compensation  capacitor  which  establishes  the 
dominant  pole  from  which  the  open  loop  voltage  gain  is  "rolled-off”. 

This  capacitor  therefore  affects  the  unity  gain  bandwidth  and  slew  rate 
of  the  op  amp.  Another  parameter  which  affects  slew  rate  is  the 
operating  current  which  is  available  to  drive  the  compensation 
capacitor.  Both  the  operating  current  and  the  compensation  capacitor  are 
variables  which  the  IC  manufacturers  can  control  in  order  to  achieve  a 
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desired  speed/power  tradeoff.  Device  types  01,  02,  and  03  are  basically 
the  same  device  with  different  values  of  compensating  capacitance  and/or 
operating  current. 

Device  types  04,  05,  and  06  have  a  similar  trend,  but  have  lower  input 
offset  voltage  and  drift.  Table  3-2  shows  the  significant  differences 
in  electrical  parameters  for  the  various  device  types  over  the  25°C  to 
125°C  temperature  range. 

Table  3-2.  Basic  Device  Type  Parameter  Differences. 


Electrical  Device  Type 


Parameter 

01 

02 

03 

04 

05 

06 

Units  : 

Input  Offset  Voltage 

+/-7 

+/-7 

+/-7 

+/-2.5 

+/-2. 

5  +/- 2.5 

1 

m/V  ! 

Offset  Voltage  Drift 

+/-30 

+/-30 

+/-30 

+/-10 

+/-10 

+/-10 

uV/°C  1 

Supply  Current  (max) 

4 

7 

7 

4 

7 

7 

m/A  j 

Slew  Rate  (min) 

1 

5 

20 

1.5 

7 

25 

V/us 

Gain  Bandwidth  (Typ) 

2.5 

5 

20 

2.5 

5 

20 

MHz 

All  of  the  devices  are  packaged  in  an  eight  lead  metal  can  (MIL-M-38510 
case  outline  A-l). 
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3.3  Test  Development 

Op  amp  parameters  and  test  circuits  for  their  measurement  are  well  known 
in  the  industry.  As  far  as  BI-FET  op  amps  are  concerned,  the  essential 
improvement  in  these  devices  is  their  low  input  bias  currents.  Measure¬ 
ments  of  these  low  bias  currents  was  one  of  the  more  challenging  aspects 
of  BI-FET  op  amp  test  development. 

Table  3-3  gives  a  listing  of  the  standard  op  amp  parameters  which  had  to 
be  measured  in  order  to  characterize  these  devices. 

Table  3-3.  Test  Parameters  for  Characterization 


Item 

Symbol 

Parameter  (See  Page  for  definitions) 

1 

V10 

Input  Offset  Voltage 

2 

D-V10/D-T 

Input  Offset  Voltage  Temperature  Sensitivity 

3 

110 

Input  Offset  Current 

4 

+I1B-I1B 

Input  Bias  Current 

5 

+PSRR, 

Power  Supply  Rejection  Ratio 

-PSRR 

6 

CMR 

Input  Voltage  Common  Mode  Rejection 

7 

V10  ADJ  (+), 

Adjustment  for  Input  Offset  Voltage 

V10  ADJ  (-) 

8 

Ios  (+) 

Output  Short  Circuit  Current  (for  positive  output) 

9 

Ios  (-) 

Output  Short  Circuit  Current  (for  negative  output) 

10 

Icc 

Power  Supply  Current 

11 

+Vop,  -  Vop 

Output  Voltage  Swing 

12 

Avs  (+) , 

Open  Loop  Voltage  Gain 

Avs  (-) 

13 

TR  (tr) 

Transient  Response  (Rise  time) 

14 

TR  (os) 

Transient  Response  (Overshoot) 

15 

NI  (BB) 

Noise  (referred  to  input)  Broadband 

16 

NI  (PC) 

Noise  (referred  to  input)  Popcorn 

These  parameters  are  specified  and  measured  over  the  -53°C  to  123°C 
military  temperature  range  for  various  input  common  mode  voltage  and 
output  loading  conditions.  Initial  test  conditions  and  parameter  limits 
were  recommended  by  the  JC-41  Committee  on  Linear  Microcircuits. 

Detailed  test  conditions  and  equations  are  shown  in  the  Appendix, 

Table  3-4. 
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Test  Philosophy 

The  approach  to  testing  was  to  look  at  typical  parameters  on  a  Tektronix 
577  curve  tracer  in  parallel  with  developing  the  Tektronix  S-3260  test 
system  adapter  and  program  software.  The  objective  of  this  dual 
approach  was  to  identify  anomalies  and  trends  early  so  that  this 
information  could  be  factored  into  the  automatic  test  development. 

Static  Test  Circuit  Description 


A  schematic  diagram  of  the  static  test  circuit  is  shown  in  Figure  3-2. 
All  relays  are  in  the  normal  de-energized  position.  Operation  of  the 
test  circuit  is  straight  forward.  The  device  under  test  (D.U.T.)  and 
the  nulling  amplifier  are  cascaded  within  a  closed  loop  gain  of  1000. 
This  is  done  so  that  millivolts  of  error  voltage  with  respect  to  the  op 
amp  input  are  translated  into  volts  D.C.  at  the  nulling  amplifier  output 
to  the  automatic  measurement  system.  The  D.U.T.  output  can  be  commanded 
to  any  voltage  in  its  operating  range  by  applying  the  negative  of  the 
desired  voltage  to  terminal  4.  When  the  non-inverting  input  to  the 
nulling  amplifier  is  at  zero  volts,  the  loop  has  stabilized  and  the 


Figure  3-2.  Test  Circuit  for  Static  Tests 


correct  output  can  be  measured.  Tests  which  require  the  D.U.T.  to  be 
exercised  over  the  common  mode  range  are  mechanized  by  swinging  the 
power  supplies  and  commanding  the  D.U.T.  inputs  through  50  ohms.  The 
basic  measurement  performed  by  the  static  test  circuit  is  V10  or  offset 
voltage.  Most  of  the  other  parameters  are  derived  from  this  basic 
measurement.  Two  photographic  views  of  the  test  adapter  are  shown  in 
Figure  3-4. 

Parameter  Tests  for  Special  Consideration 


Because  BI-FET  bias  current  can  increase  by  a  factor  of  1000  in  going 
from  25°C  to  125°C,  it  is  necessary  to  change  the  input  sensing 
resistors  from  5  Mohm  to  100  Rohm.  Relay  K8  is  programmed  for  the  high 
temperature  measurement  in  order  to  cause  the  resistor  value  to  change. 
With  the  high  value  bias  current  resistors  there  was  a  tendency  for  test 
circuit  instability.  Good  layout  considerations  and  a  bypass  capacitor 
from  the  non-inverting  input  to  ground  kept  the  test  circuit  stable. 

Although  slew  rate  is  not  a  static  test,  it  was  tested  automatically 
with  the  parameters  listed  in  Table  3-3.  The  test  circuit  for  slew  rate 
and  transient  response  is  shown  in  Figure  3-3. 


Figure  3-3.  Test  Circuit  for  Transient  Response  and  Slew  Rate. 


It  Is  an  easy  matter  to  incorporate  this  circuit  into  the  static  test 
circuit,  however,  care  must  be  taken  in  routing  the  connections  to  the 
op  amp  inputs.  Table  3-5  in  Appendix  shows  the  test  conditions  and 
equations  for  slew  rate  and  transient  response. 

Because  of  limitations  with  the  S-3260  measurement  system  it  was  not 
possible  to  measure  noise  and  transient  response  automatically  with  the 
other  op  amp  parameters.  Bench  tests  had  to  be  used  for  these 
measurements. 

Another  parameter  which  had  to  be  tested  manually  using  the  circuit  in 
Figure  3-5  is  settling  time. 


+  Vcc  •  15  V 


NOTES: 

1.  Resistors  are  tl.Ot  and  capacitors  are  *10%  unless  otherwise  specified. 

2.  Precaution  shall  be  taken  to  prevent  damage  to  the  O.U.T.  during  Insertion 

Into  socket  and  In  applying  power. 

3.  For  device  types  01  and  02,  SI  is  open,  AV  *  -1  and  VjN  *  10  V. 

4.  For  device  type  03,  SI  Is  closed,  AV  =  -5  and  VjN  -  2  V. 

5.  Settling  time  t$,  measured  on  pin  5,  is  the  Interval  during  which  the  sunning 
node  Is  not  nulled. 

Figure  3-5.  Test  Circuit  for  Settling  Time. 
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Test  Results  and  Data 


A  total  of  204  BI-FET  op  amps  were  tested.  These  devices  were  tested  in 
two  groups  with  the  distinction  being  A's  or  non-A' s. 

The  LF355  devices  were  tested  with  the  precision  A  parts,  but  the  data 
was  not  statistically  grouped  with  those  devices. 

A  typical  data  sheet  of  an  LF155  op  amp  in  the  first  group  of  testing  is 
shown  in  Table  3-6.  All  of  the  data  is  within  the  initial  JC-41 
Committee  recommended  limits,  unless  an  asterisk  (*)  is  displayed 
adjacent  to  the  measured  value.  For  this  group,  the  data  at  all  three 
temperatures  (-55°C,  25°C  and  125°C)  is  shown  on  a  single  table. 

On  the  second  group  of  devices  (LF155A  series),  it  was  decided  to  change 
the  format  so  that  the  data  of  up  to  ten  devices  could  be  displayed  on  a 
single  sheet.  Table  3-7  in  Appendix  shows  this  scheme  for  different 
devices  at  a  single  temperature.  With  this  method  it  is  easier  to  make 
device- to-device  comparisons  and  to  check  for  common  peculiarities,  etc. 

A  third  form  of  data  common  to  both  groups  of  devices  are  histograms. 
Figure  3-7  shows  a  histogram  of  offset  voltage  V10  at  zero  common  mode 
voltage  and  25°C  for  all  of  the  devices  in  group  2.  The  raw  data  is  too 
extensive  for  inclusion  in  this  report,  since  each  test  group  contains 
114  histograms  and  over  30  individual  data  sheets.  Besides  showing  the 
data  elements  vs  frequency  of  occurrence,  the  histograms  also  display 
the  initial  JC-41  parameter  limits.  Direct  comparisons  of  the  data  to 
the  proposed  limits  are  useful  in  determining  the  relative  test  yields 
of  the  devices.  The  raw  data  was  presented  to  industry  representatives 
in  two  reports  as  follows: 

1.  Characterization  Data  for  MIL-M-38510/114  Bl-FET  Op  Amps 
(Commercial  Types  LF155,  LF156,  and  LF157)(21  November  1978), 

2.  Characterization  Data  for  MIL-M-38510/114  BI-FET  Op  Amps 
(Commercial  Types  LF155A,  LF156A,  and  LF157A)  (16  April  1979). 

Within  the  static  test  parameters,  the  measurement  and  characterization 
of  input  bias  current  was  the  most  difficult.  Figure  3-7,  shows  how 
input  bias  current  varies  typically  with  common  mode  voltage  and  supply 
voltage.  It  should  be  noted  that  bias  current  increases  significantly 
under  positive  common  mode  conditions. 
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Table  1-6.  Typical  LF155  Op  Amp  Data  Sheet. 
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Figure  3-7.  BI-FET  Input  Bias  Current  vs.  Common  Mode  Voltage. 

The  Appendix  contains  the  following  figures  pertaining  to  test  results 
and  data. 

Fig.  Title 

3-8  BI-FET  Input  Bias  Current  vs  Common  Mode  Voltage 

3-9  BI-FET  Input  Bias  Current  vs  Common  Mode  Voltage 

3-10  BI-FET  Input  Bias  Current  vs  Common  Mode  Voltage 

3-11  BI-FE Input  Bias  Current  vs  Temperature 

3-12  Worst  Case  Input  Bias  Current  vs  Ambient  Temperature 

3-13  Offset  Voltage  vs  Common  Mode  Voltage 

3-14  Offset  Voltage  vs  Common  Mode  Voltage 

3-15  LF155  and  LFI56  Transient  Response 

3-16  LF157  Transient  Response 

3-17  LF155  and  LF156  Slew  Rate 

3-18  LF157  Slew  Rate  vs  Closed  Loop  Gain 

3-19  LF155  and  LF156  Settling  Time 

3-20  Open  Loop  Voltage  Gain  vs  Load 

3-21  BI-FET  Noise  Voltage 
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These  figures  show  the  trends  of  Individual  devices  as  curve  tracer 
displays,  oscillographs  and  S-3260  curve  plots.  Statistical  summaries  of 
all  device  parameter  data  is  contained  within  the  following  tables  in 
the  Appendix. 


Table 


Title 


3-8 

3-9 

3-10 

3-11 

3-12 

3-13 

3-14 

3-15 

3-16 


25°C  Statistical  Summary  for  LF155  Series  Devices 
-55°C  Statistical  Summary  for  LF155  Series  Devices 
125°C  Statistical  Summary  for  LF155  Series  Devices 
25°C  Statistical  Summary  for  LF155A  Series  Devices 
-55°C  Statistical  Summary  for  LF155A  Series  Devices 
125°C  Statistical  Summary  for  LF155A  Series  Devices 
LF155  Dynamic  Data  at  25°C 
LF156  Dynamic  Data  at  25°C 
LF157  Dynamic  Data  at  25°C 


Tables  3-17  and  3-18  shows  the  distribution  of  most  parametric  data  in  a 
cryptic  histogram  form.  This  comparison  of  data  and  limits  is 
convenient  for  determining  if  limit  changes  should  be  considered. 


3.5  Discussion  of  Results 

On  a  parameter  by  parameter  basis,  a  discussion  of  the  device 
characteristics  follows: 

Input  Offset  Voltage  (VIO) 

(LF155/156/157  Family) 

This  family  of  devices  had  very  good  yields  in  passing  the  VIO  tests 
over  the  common  mode  voltage  and  military  temperature  range.  The 
screening  limits  for  these  devices  were  +/-  4  mV  and  +/-  6  mV  at  25°C 
and  over  the  military  temperature  range  respectively.  These  limits  were 
subsequently  expanded  to  +/-  5  mV  and  +/-  7  mV  respectively,  as  part  of 
a  decision  to  Include  the  LF155A  series  op  amps  as  separate  device  types 
with  low  offset  voltage  in  the  slash  sheet.  A  168  hour  burn-in  test  at 
GE  Ordnance  Systems  on  the  LF155  series  group  from  vendor  codes  A,  B,  C 
and  D  revealed  a  maximum  offset  voltage  shift  of  less  than  0.8  mV.  Most 
devices  had  less  than  0.3  mV  of  offset  drift. 

A  related  problem  is  with  short  term  power  turn-on  offset  voltage  shift. 
The  1/15/79  edition  of  Circuit  News  reported  on  this  phenomenon.  Some 
sample  testing  was  also  done  at  GE  Ordnance  Systems  without  finding  any 
devices  having  this  problem. 
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(LF1 55A/156A/157A  Family) 


The  test  yields  of  the  LF155A  series  devices  to  the  tighter  limits  of 
+/-  2  mV,+/-  2.5  mV  were  considerably  lower  than  those  for  the  non-A 
devices.  Overall  yields  at  25°C>  -55°C  and  125°C  were  approximately  80% 
66%  and  92%  respectively. 

Offset  Voltage  Temperature  Sensitivity 

(D-V10/D-T) 

(LF155/156/517  Family) 

D-VIO/D-T  is  a  very  important  parameter  for  applications  having  tight 
error  specifications  over  a  wide  temperature  range.  Offset  adjustment 
can  not  compensate  for  poor  offset  voltage  drift.  The  user's  only 
guarantee  is  to  test  for  this  parameter  to  screen  out  inferior  devices. 
With  limits  of  +/-  30  uV/°C,  the  non-A's  had  yields  of  94%  and  97%  for 
the  cold  and  hot  excursions  from  25°C. 

(LF155A/56A/157A  Family) 

Even  though  the  manufacturers'  catalog  limits  of  +/-  5  uV/°C  were 
relaxed  to  +/-  10  uV/°C,  the  test  yields  for  the  A  series  devices  were 
43%  and  90%  for  the  cold  and  hot  D-VIO/D-T  measurements,  respectively. 
It  was  later  determined  that  the  LF155A  devices  from  vendor  Code  B  were 
not  prescreened  to  truly  certify  them  as  A's.  Follow  up  tests  with 
vendor  Code  B  indicated  that  good  yields  could  be  achieved  with  the  +/- 
10  uV/°C  limits.  From  25°C  to  125°C  VIO  is  allowed  to  increase  from  +/ 
2  mV  to  +/-  2.5  mV.  This  corresponds  to  an  end  point  shift  of  500 
uV/100°C  =  5  uV/°C. 

Input  Offset  Current  (110) 

Since  BI-FET  op  amp  offset  current  is  the  difference  between  the  two 
input  leakage  bias  currents,  it  is  very  small  and  also  difficult  to 
measure.  Only  the  zero  common  mode  voltage  condition  is  covered  by  the 
/ 1 1 4  specification.  Test  yields  were  93.5%  and  64%  for  the  non-A's  and 
A's  respectively,  against  the  +/-  20  pA  limits.  Most  of  the  failures 
were  traced  to  156A's  and  157A's  from  Vendor  Code  E.  Test  yields  were 
worse  for  the  "unspecified”  -15V  common  mode  condition  because  of  front 
end  matching  considerations.  At  +15V  common  mode  the  test  yield  is 
better  because  the  acceptance  limit  is  raised  to  compensate  for  the 
higher  input  bias  current. 

Input  Bias  Current  (+IIB,  -IIB) 

Figures  3-7  thru  3-10  show  the  sensitivity  of  input  bias  current  to 
common  mode  voltage  and  power  supply  voltage.  The  slash  sheet 
specification  is  based  on  +/-  Vcc  =  +/-  20  V  because  of  a  precedent 


established  with  previous  military  op  amp  specifications  and  a  desire  to 
maintain  standards  for  comparison. 

It  should  be  obvious  from  these  figures  that  if  low  IIB  is  a  necessary 
application  requirement,  the  supply  voltages  should  be  no  higher  than 
4/-  15  V.  Also  with  the  lower  supply  voltages,  the  common  mode  voltage 
range  is  more  evenly  centered  about  zero.  As  the  common  mode  voltage 
approaches  the  negative  power  supply  voltage,  the  P-N  junction  between 
the  gate  and  channel  of  the  input  J-FETs  becomes  forward  biased  and 
forward  current  is  pulled  out  of  the  gate.  The  input  common  mode 
voltage  corresponding  to  this  "forbidden"  condition  is  within  three 
volts  of  -  Vcc. 

Increasing  the  common  mode  voltage  in  the  positive  direction  causes 
reverse  leakage  current  to  flow  into  the  J-FET  gate  terminals.  The 
common  mode  voltage  range  over  which  the  input  J-FETs  are  technically  in 
the  leakage  mode  varies  according  to  diffusion  characteristics,  geometry 
and  minority  carries  concentrations.  Also  the  leakage  current  is  almost 
independent  of  reverse  voltage. 

The  typical  diode  shape  increase  in  bias  current  with  common  mode 
voltage  occurs  as  the  junction  enters  the  avalanche  or  zener  voltage 
range.  Series  resistance  prevents  the  classical  zener  constant  voltage 
characteristic  from  occurring. 

Process  differences  among  the  device  manufacturers  cause  the  bias 
current  vs  common  mode  voltage  characteristics  to  vary  accordingly. 

Since  the  input  bias  current  is  J-FET  gate  leakage  it  is  not  surprising 
that  this  current  is  highly  temperature  sensitive.  Typically,  leakage 
current  doubles  for  every  10°C  rise  in  temperature. 

The  test  yields  to  the  /114  specification  limits  were  good  except  for 
the  following: 

1.  Vendor  Code  E.  LF155A  series  devices  incorporating  bias  current 
compensation  had  a  yield  of  only  16.6%  for  the  negative  common  mode 
low  limit  of  -100  pA.  Bias  current  compensation  uses  negative  PNP 
collector  current  to  cancel  positive  J-FET  gate  current.  A:  the 
negative  common  mode  condition  an  over  cancelled  situation  it  more 
likely  to  occur.  The  JC-41  Committee  has  not  asked  for  relief  on 
this  limit. 

2.  Vendor  Code  C.  LF155  series  devices  had  a  yield  of  30.7%  for  the 
125°C  input  bias  current  limits  of  50  mA  and  60  mA  at  the  zero  and 
positive  common  mode  conditions  respectively.  No  relief  has  been 
asked  for  this  limit. 
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Power  Supply  Rejection  Ratio  (+  PSRR,  -  PSRR) 


All  of  the  devices  had  good  yields  in  meeting  the  85  dB  minimum  limit. 
Common  Mode  Rejection  (CMR) 

Good  yields  were  obtained  in  meeting  the  85  dB  minimum  limit.  This 
parameter  is  calculated  from  the  VIO  change  over  the  input  common  mode 
range.  Consequently,  there  is  a  close  relationship  between  VIO  and  CMR 
failures. 

Input  Offset  Voltage  Adjustment  (VIO  ADJ  (+),  VIO  ADJ  (-)) 

Traditionally,  the  requirement  for  offset  voltage  adjustment  is  that  it 
be  capable  of  driving  the  input  offset  voltage  one  millivolt  beyond  the 
minimum  and  maximum  limits  of  offset  voltage.  All  functional  devices 
far  exceeded  this  requirement  with  typical  values  of  13  mV  and  -14.3  mV 
for  the  positive  and  negative  adjustments  respectively. 

Short  Circuit  Current  (IOS  (+) ,  IOS  (-)) 

The  instantaneous  short  circuit  current  was  considerably  less  than  the 
50  mA  maximum  requirement.  The  short  circuit  current  magnitude 
decreases  with  increasing  temperature  for  both  output  drive  polarities. 
If  the  output  is  commanded  to  be  at  the  positive  swing  limit  and  then  a 
short  circuit  is  made  between  the  output  and  ground  or  the  negative 
power  supply,  the  short  circuit  current  IOS  (+),  will  be  current  limited 
by  Q4  and  R1  in  Figure  3-1.  Accordingly,  typical  IOS  (+)  =VBEQ4/R1  =  600 
mV/25  =  24  mA.  Since  D-VBE/D-T  =  -2  mV/°C,  the  self  heating  of  the 
device  and  the  output  transistor,  will  cause  the  short  circuit  current 
to  decrease  by  80  uA/°C. 

Output  short  circuit  protection  cannot  be  guaranteed  over  the  full  -55°C 
to  125°C  military  temperature  range. 

Under  worst  case  conditions,  the  maximum  internal  junction  temperature 
of  175°C  will  be  exceeded  at  ambient  temperatures  far  below  125°C.  The 
following  equations  apply: 

1.  Pq  =  2  Vcc  Icc  +  |VCC  -  V0 I  Ios 

2.  Tj  =  T^  +  Pp  J-A  where  PD  =  device  dissipation  (mW) 

Vcc  =  power  supply  voltage  (V) 

lcc  =  power  supply  current  (mA) 

VD  =  output  short  circuit  voltage  (V) 

I0s  =  output  shoprt  circuit  current  (mA) 

Tj  =  junction  temperature  (°C) 

T^  *»  ambient  temperature  (°C) 

&  J-A  =  device  junction  to  ambient  thermal  resistance  (°C/mV) 
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Under  worst  case  conditions  and  a  "warmed-up"  short  circuit  current  of 
30  mA,  the  devices  have  the  following  maximum  safe  ambient  temperature?: 


Device 

Maximum  Safe  Ambient*  Temperature 

Type 

"short"  to  ground 

"short"  to  supply 

01,  04 

89.5°C 

22°C 

i 

02,  03, 
05,  06 

76°C 

9°C 

*TA  at  TJ  =  175°C 

Several  02  and  03  devices  were  subjected  to  sustained  output  to  power 
supply  short  circuits  for  several  hours  without  incurring  any  damage. 

The  real  margin  of  safety  depends  on  the  differences  between  worst  case 
and  typical  parameters. 

Supply  Current  (Icc) 

Supply  current  is  one  of  the  parameters  which  is  different  for  each 
device  type  in  the  LF155  series  family.  The  lee  limits  are  well  chosen 
for  the  device  data  distribution. 

Output  Voltage  Swing  (+Vop,  -Vop) 

Maximum  output  voltage  swing  is  generally  well  behaved  with  a  tight 
histogram  pattern  and  a  mean  value  which  is  two  volts  or  better  than  the 
specification  limit. 

Open  Loop  Voltage  Gain  (AVS  (+),  AVS  (-) 

But  for  one  exception,  the  data  distribution  of  open  loop  voltage  gain 
far  exceeded  the  minimum  specification.  Characteristically,  the  gain 
histograms  have  a  scattered  distribution.  There  were  no  wrong  polarity 
gains,  thus  indicating  better  management  of  thermal  effects  than  were 
observed  on  many  op  amps  during  previous  characterization  studies. 

LF155A  devices  from  vendor  Code  B  had  many  gain  failures  at  -55°C. 

'’endor  Code  B  test  yields  at  -55°C  were  50%,  15.8%  and  16.6%  for  their 
1155A,  LF156A  and  LF157A  devices  respectively.  These  same  devices  had 
respectable  gains  at  25°C  and  125°C. 
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Slew  Rate  (SR  (+),  SR  (-)) 


Each  of  the  six  device  types  is  characterized  by  a  different  slew  rate 
specification.  Within  the  non-A  and  A  groups  of  devices,  slew  rate  is 
traded  off  with  supply  current  to  offer  the  user  three  design  options. 

In  most  cases  negative  slew  rate  was  faster  than  positive  slew  rate  by 
almost  2:1. 

(LF155/156/157  Family) 

All  of  the  devices  had  good  yields  to  their  respective  specification 
limits,  except  for  LF156's  from  Vendor  Code  C,  which  had  yields  of  22% 
and  0%  at  25°C  and  125°C  respectively. 

(LF155A/156A/157A  Family) 

With  the  exception  of  Vendor  Code  F,  156A  devices,  which  had  a  test 
yield  of  50%,  all  of  the  data  was  well  within  the  specification  limits. 
The  failed  156A  devices  would  pass  the  156  limits  (i.e.  7  V/us  vs  10 
V/us).  Compared  with  bipolar  op  amps,  BI-FET  op  amps  have  a  much  better 
combination  of  high  slew  rate  and  low  input  bias  current. 


Transient  Response  (TR  (tr),  TR  (OS)) 


With  a  closed  loop  gain  of  1  V/V,  the  transient  response  data  of  the 
LF155  and  LF156  devices  was  significantly  faster  than  the  initial  JC-41 
Committee  recommended  limits. 


Also  the  LF157  devices  at  a  closed  loop  gain  of  5  V/V  were  slower  than 
the  JC-41  Committee  recommended  limits.  The  data  and  limits  are 
summarized  below: 


Device 

JC-41  Limits 

Data  25°C 

Type 

TR(tr) 

TR(OS) 

TR(tr) 

TR(OS) 

(ns) 

(%> 

(ns) 

(%) 

Sample 

AV 

(min)  (max) 

(min) 

(max) 

(min)  (max) 

(min) 

(max) 

Size 

LF155 

1V/V 

300 

- 

40 

41  55 

33 

47 

15 

LF156 

1V/V 

200 

- 

40 

28  45 

42 

48 

15 

LF157 

5  V/V 

100 

- 

40 

240  310 

0 

0 

15 
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In  order  to  resolve  the  differences  between  the  recommended  limits  and 
the  data,  a  second  referee  circuit  was  built  and  several  devices  were 
tested  again.  The  new  data  correlated  with  the  original  data. 

After  verifying  that  the  data  matched,  the  sensitivity  of  the  data  to 
the  circuit  components  was  investigated.  Not  surprisingly,  the 
feedback  capacitor  has  a  dominant  effect.  For  instance  a  change  from  10 
pf  to  18  pf  caused  the  overshoot  of  an  LF156A  to  decrease  from  44%  to 
32%.  Figure  3-16  shows  the  typical  response  of  an  LF155  and  LF156 
device.  The  high  TR(OS)  overshoot  failure  rate  was  resolved  by 
modifying  the  test  circuit  such  that  AV  =  1  V/V,  RF  =  0  ohm.  Normally 
closed  K9  contacts  in  parallel  with  the  10  K  ohm  resistor  of  Figure  3-3 
reduces  the  D.U.T.  overshoot  by  making  the  device  less  susceptible  to 
parasitic  capacitance  at  the  inverting  input.  Typically,  depending  on 
the  D.U.T.'s  characteristics,  a  reduction  of  10%  to  20%  in  overshoot  was 
achieved. 

Closed  loop  gain  has  a  big  effect  on  the  transient  response  of  an  LF157 
as  can  be  seen  in  the  Appendix,  Figure  3-16. 

Rise  time  and  overshoot  changed  from  15  nanoseconds  and  130%  to  250 
nanoseconds  and  0%,  respectively,  when  the  closed  loop  gain  was 
increased  from  1  V/V  to  5  V/V.  In  raising  the  closed  loop  gain,  the 
open  loop  gain  is  reduced  by  14  dB  and  the  effect  of  the  high  frequency 
poles  and  zeros  is  greatly  reduced. 

The  revised  transient  response  specification  limits  are  shown  in  Table 
3-17. 

Settling  Time  (ts(+),  ts(-) 

Settling  time  as  defined  in  the  /114  specification  is  a  sampled  large 
signal  test  for  the  time  it  takes  the  error  voltage  to  settle  within 
0.1%  of  its  final  value.  A  phantom  summing  mode  is  monitored  as  shown 
in  Figure  3-5  while  the  DUT  is  exercised  to  produce  a  10  V  output  pulse. 
This  summing  node  voltage  VN  is  proportional  to  the  error  voltage 
difference  VE  between  the  input  and  output  voltage  as  shown  below: 

VN  -  VIN  *  RF/(R1  +  RF)  +  Vo  *  R1(R1  +  RF) 

VN  -  VIN  *  RF/(R1  +  RF)  -  RF/(R1)  *  VIN  *  R1/(R1  +  RF) 

VN  -  VE  *  RF/(R1  +  RF) 

Thus  for  circuit  gains  of  -  1  V/V  and  -  5  V/V,  the  null  voltage  is  .5  VE 

and  .833  VE,  respectively.  For  a  10  V  output  and  0.1%  error,  the 
corresponding  null  voltage  thresholds  are  5  mV  and  8.33  mV  at  AV  ■  1  V/V 
and  5  V/V  respectively. 


Figure  3-19  shows  the  dynamic  null  error  voltage  of  several  typical 
devices.  The  settling  time  is  composed  of  a  slewing  interval  and 
transient  response  interval,  which  depend  on  different  parameters  and 
conditions.  For  a  given  device  the  slewing  interval  is  proportional  to 
the  output  step  change,  whereas  the  transient  response  interval  is 
dependent  on  the  damping  ratio  of  the  device  in  the  test  circuit. 

The  circuit  closed  loop  gain  has  a  big  effect  on  both  the  slewing 
Interval  and  the  transient  response  interval.  Depending  on  how  the 
response  oscillations  dampen,  the  difference  between  0.1  Z  and  .01)1 
settling  time  can  vary  from  a  fractional  part  of  cycle  to  several 
cycles. 

The  relationship  between  the  data  and  the  proposed  limits  is  tabulated 
below: 


Device  Data  @  25°C  /114A 

Type  ts  in  (ns)  ts  in  (ns) 


AV 

(min) 

(max) 

Sample 

Size  (min) 

(max) 

LF155 

1V/V 

700 

1300 

15 

1500 

LF156 

IV /V 

900 

1300 

15 

1500 

LF157 

5V/V 

300 

650 

15 

800 

Noise  (NI  (BB),  NI  (PC)) 

Broadband  and  pop  corn  noise  was  measured  with  a  Tektronix  Type  577 
curve  tracer.  Typical  data  displays  are  shown  in  Figure  3-21  in  the 
Appendix. 

Broadband  noise  was  measured  with  a  source  resistance  of  50  ohms  and  the 
observed  peak-to-peak  readings  were  divided  by  six  to  yield  Gaussian  rms 
values. 

This  factor  of  six  is  used  because  op  amp  noise  voltage  is  random  and 
has  a  normal  statistical  distribution.  One  of  the  properties  of  a 
normal  Gaussian  distribution  is  that  the  ratio  of  the  peak-to-peak  value 
over  the  rms  value  is  six  with  a  probability  of  99.7%. 
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The  data  Is  summarized  as  follows: 

Broadband 

Noise  Data 

(u  Vrms)  Frequency 

0.3  1 

0.7  5 

0.8  3 

1.0  10 

1.2  1 

1.3  3 

i.7  l 

Total:  24  data  values 

The  data  distribution  is  conservatively  within  the  10  u  Vrms  maximum 
limits  of  the  /114  specification. 

For  the  popcorn  noise  test  only  one  device  had  an  observed  "pop"  of 
10  uPK.  The  remaining  23  devices  had  no  trace  of  popcorn  noise. 

Burn-in  Circuit  Evaluation 

After  the  Initial  characterization  data  was  taken,  sixty  non-A  devices 
were  burned-in  using  two  different  circuit  configurations.  Twenty-eight 
devices  were  exercised  in  the  original  voltage  follower  circuit  which 
uses  a  2000  ohm  load.  During  this  168  hour  burn-in  test,  the  input  was 
changed  from  +  5  V  to  -  5  V  after  approximately  half  of  the  time  had 
elapsed.  The  remaining  32  devices  were  exercised  on  a  new  simplified 
circuit  which  has  the  inputs  grounded  and  the  outputs  open.  Maximum 

supply  voltage  of  +/-  22  VDC  were  applied  to  these  devices,  whereas  only 

+/-  20  VDC  was  applied  to  the  first  group.  The  two  sample  populations 
were  chosen  such  that  they  equal  representation  with  regard  to  vendor 
and  date  code. 

At  the  conclusion  of  the  168  hours,  125°C  test,  the  devices  were  cooled 

down  before  power  was  removed.  The  serialized  devices  were  again  tested 

on  the  S-3260.  The  following  observations  were  made  after  comparing  the 
before  and  after  test  data: 

1.  For  both  test  circuits  the  post  burn-in  data  total  failures  did  not 
exceed  the  total  pre  burn-in  failures.  In  other  words  good 
devices,  in  general,  are  not  harmed  by  either  test  circuit. 

2.  Quite  often  on  particular  devices  pre  burn-in  failures  did  not 
appear  at  post  burn-in.  These  were  mainly  110  and  IIB  technical 
limit  failures. 
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It  was  concluded  that  the  new  simplified  burn-in  circuit  was  equally 
effective  with  the  old  standard  test  circuit.  Subsequently,  it  was 
recommended  that  the  supply  voltages  be  reduced  to  +/-  20  V  and  the  pin 
5  offset  adjust  pin  be  connected  to  +  Vcc. 

GEOS  uses  many  LF156's  for  signal  conditioning  and  processing  in 
automatic  test  equipment  for  measuring  guidance  system  parameters. 
Because  of  high  failure  rates  in  the  prototype  test  system,  it  was 
decided  to  burn-in  all  LF156's  to  be  used  in  that  program.  Succeeding 
systems  had  much  better  reliability.  At  this  time  (August  1980)  it  is 
not  conclusive  if  the  original  high  failure  rate  was  primarily  caused  by 
induced  system  failures  or  defective  devices. 

In  three  50-device  lots,  the  percentage  of  catastrophic  burn-in  failures 
were  16%,  6%  and  18%.  Most  of  the  failures  tend  to  be  output  oriented. 
Daily  monitoring  of  the  devices  in  a  burn-in  rack  has  shown  that  some 
defective  devices  experience  a  gradual  degradation  in  negative  output 
swing  toward  zero,  followed  by  a  burn-out  which  leaves  the  output  stuck 
at  -Vcc. 

The  most  recent  burn-in  lot  included  devices  from  three  sources.  No 
catastrophic  failures  were  observed,  although  final  data  is  not  yet 
available  for  analysis.  The  manufacturer  of  the  previous  lots  has 
recently  stated  that  a  device  problem  was  present  and  that  a  mask  change 
is  planned  to  eliminate  the  problem. 

Testing  Problems 

Input  bias  current  was  the  most  difficult  parameter  to  measure  because 
of  its  small  magnitude  (pA  range).  Using  the  standard  op  amp  test 
circuit  with  input  bias  current  dropping  resistor  of  5  meg  ohms  each, 
the  bias  current  effect  on  offset  voltage  was  typically  less  than  10%. 
Also  high  value  input  resistors  tend  to  de-stabilize  the  test  circuit 
because  parasitic  capacitance  feedback  coupling  from  the  output  to  the 
non-inverting  input  is  relatively  unatten uated.  Had  the  scope  of  these 
problems  been  fully  recognized  at  the  beginning  of  the  characterization 
program,  a  different  test  technique  would  have  been  developed. 

Experience  with  the  LF198  sample  and  hold,  which  is  also  a  BI-FET,  and 
discussions  with  several  manufacturers  indicate  that  a  charge 
integration  method  is  more  practical. 
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3.6  Slash  Sheet  Development 


The  military  specification  (MIL-M-38510  slash  sheet)  on  the  BI-FET  op 
amps  was  developed  in  parallel  with  the  characterization  effort.  As  the 
test  circuits  and  procedures  were  proofed  out  in  the  taking  of  device 
data,  they  were  also  incorporated  into  the  slash  sheet.  The  original 
slash  sheet  Table  I  parameters  and  limits  were  recommended  by  the  JC-41 
Committee  on  Linear  Integrated  Circuits.  With  few  exceptions,  the 
device  testing  and  screening  was  done  against  these  parameters  and 
limits.  As  progress  was  being  made  on  the  device  characterization,  a 
dialogue  was  maintained  with  the  manufacturers  over  the  phone  and  at 
meetings.  One  of  the  more  significant  developments  that  happened  was  in 
the  specification  of  input  bias  current  over  the  common  mode  voltage 
range.  The  end  result  in  the  specification  shows  that  the  maximum  input 
bias  current  changes  from  3500  pA  to  300  pA  for  a  power  supply  change 
from  +/-  20  V  to  +/—  15  V  at  the  positive  common  voltage.  For  both 
conditions,  +  Vcm  is  five  volts  below  +  Vcc. 

3.7  Conclusions  and  Recommendations 

204  generic  LF155  series  >.  i  amps  were  tested  on  GEOS’  S-3263  to 
characterize  their  electrical  parameters.  Sampled  bench  test  data  was 
taken  to  characterize  noise  and  some  of  the  dynamic  electrical 
characteristics,  which  could  not  be  tested  on  the  S-3263.  It  should  be 
noted  that  the  electrical  characteristics  are  oriented  toward  automatic 
testing.  With  the  exceptions  of  input  bias  current,  input  offset 
current,  and  output  short  circuit  current,  the  effects  of  device  self 
heating  will  not  cause  the  specification  values  to  differ  from 
application  values. 

In  order  to  minimize  input  bias  currents  and  device  power  dissipation  it 
is  recommended  that  the  power  supply  voltage  be  kept  no  higher  than  +/- 
16  V.  Although  these  BI-FET  op  amps  are  guaranteed  to  operate  at  125°C 
ambient  temperature,  high  temperature  operation  will  cause  the  benefits 
of  low  input  bias  currents  to  be  lost. 

The  LF155  series  of  BI-FET  op  amps  have  several  advantages  over  bipolar 
devices  including  a  more  optimum  combination  of  low  bias  current  and 
high  slew  rate,  plus  the  ability  to  drive  high  capacitance  loads. 

Final  recommended  electrical  specifications  for  the  generic  LF155  series 
op  amps  in  MIL-M-38510/114  are  shown  in  Table  3-17. 
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Table  3-17.  LF155/6/7  Data  Summary. 


LF155/6/7  PARAMETER  DISTRIBUTIONS  Er  LIMITS 


OFFSET  VOLTAGE  @  25°C 
OFFSET  VOLTAGE  @  — 55/125°C 
AVio/AT  0  25/-55°C 
AVio/AT  &  25/125°C 
OFFSET  CURRENT  @  25°C 

OFFSET  CURRENT  @  125°C 


IIB  BIAS  CURRENT  @  25°C 
IIB  BIAS  CURRENT  @  125°C 
+  PSRR,  -PSRR  @  — 55/125°C 
CMR  @  -55/125°C 
VIO  ADJ  (  + )  @  — 55/125°C 


VIO  ADJ  (-)  @  -55/125°C 


Table  3-17.  LF155/6/7  Data  Summary  (Cont'd) 


LF  155/6/7  PARAMETER  DISTRIBUTIONS  &  LIMITS 


I0S  ( +  }  CURRENT  @  25°C 
IQS  (-)  CURRENT  @  25°C 


+  VOP  SWING  @  2Kn,  — 55/125°C 


1-20 

-VOP  SWING  @  2K  n.  -55/125°C  | 


+  AVS  GAIN  @  10Kn,  — 55/125°C 
— AVS  GAIN  @  10Kn,  -55/125°C 
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Table  3-18.  LF155/6/7  Supply  Current  &  Slew  Rate  vs.  Device  Type. 


SUPPLY  CURRENT  vs  DEVICE  TYPE#  ±VCC  -  ±15V 


LF155 

(20  DEVICES) 

nm 

LF  156 

(23  DEVICES) 

LF  157 

(19  DEVICES) 

1!  ' 

t - 1 - 1 - - - 1 - r 


0  2  4  6  8  10  12 

SUPPLY  CURRENT  (mA) 


SLEW  RATE  RANGE  vs  DEVICE  TYPE 


LF155 

@25°C 

!  ^  SR  (  + ) 

!  Av  =  1  v/v 

!  WMMA^ 

ioi  MIN.  LIMIT 

LF  156 
@25°C 

|02  MIN.  LIMIT 

LF  157 

@25°C 

•  03  MIN  LIMIT 

- 1 - , - - 1 - — i - 1 - 1 - 1 - 1 

0  10  20  30  40  50  60  70  80  90 


SLEW  RATE  (V/pS) 
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Table  3-J9.  Proposed  Electrical  performance  Characteristics  For  MIL-M-38510/114. 


Conditions  (±  Vrr  =  ±  20  V 


Table  3-19.  Proposed  Electrical  Performance  Characteristics  For  MIL-M-38510/114. 
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Table  3-4.  Test  Table  For  Static  Tests 


Adapter  pin  numbers  Energized  _ Measured  pin _ 

Notes  I  I  2  I  3  [~4  Relays  No,  I  Value  I  Units  Equation 


CE0>3  +vOP  -  ^>3 

(E<3>4  , ,  _V0P  "  ^0^4 


DEVICE  TYPE  DEVICE  TYPES 


(TRANSIENT  RESPONSE) 


TIME  (ns) 


Parameter 

symbol 

Device 

type 

Input  pulse 
signal  0  tr  <  50  ns 

Output  pulse 
signal 

Equation 

BJli» 

all 

+50  mV 

Waveform  1 

TR  (tj  =  at 

TR  (0S) 

all 

+50  mV 

Waveform  1 

™(os)  =  100  (AVo/Vo) 

SR  (♦) 

01,02 

-5  V  to  +5  V  step 

Waveform  2 

sr(+)  =  AVo(+)/at(+) 

HBUHi 

—niiirnTiB 

Waveform  2 

mi 

♦5  V  to  -5  V  step 

Waveform  3 

sr(-)  =  AVo(')/at(-) 

03 

-1  V  to  +1  V  step 

Table  3-5.  Test  Table  Fbr  Transient  Ifesponse  and  Slew  Rate. 
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Table  3-7.  Typical  LF155A  Op  Anp  Data  Sheet 
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Vcm  @  4v/cm 

Figure  3-8.  Bi-FET  Input  Bias  Current  vs.  Common  Mode 
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Vcm  @  4v/cm 


VCm  @  4V/cm 

Figure  3-9.  Bi-FET  Input  Bias  Current  vs.  Common  Mode  Voltage 
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Figure  3-10.  Bi-FET  Input  Bias  Current  vs.  Cornnon  Mode  Voltage 
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Figure  3-12.  Worst  case  input  Bias  current  vs.  Ambient  Temperature. 
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OFFSET  VOLTAGE  (mv) 


Typical  LF155 
TR  (tr)  «  60  ns 
TR  (OS)  -  34% 

GBW  -  5.8  MHz 

Av  -  1  V/V 

TR  (tr)  x  GBW  •  .348 


Typical  LF156A 
TR  (tr)  =  40  ns 
TR  (OS)  =  38% 

GBW  =  7  MHz 

Av  -  1  V/V 

TR  (tr)  x  GBW  =  .350 


Fig.  3-15.  LF155  LF156  Transient  Response. 
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2  V/cm 


Note : 


Random  noise  has  a  Gaussian  amplitude  distribution 
such  that  the  ratio  of  (peak  to  peak)  over  (rms)  is  6 
and  will  not  be  exceeded  99.37%  of  the  time. 


LF155 
S/N  19 
Rg  =  50  Kfl. 

NI(PC)  «  0  uV, 

=  0  uVrms 


Vo  (A  5  V/cm 


Figure  3-21. 


I.FI55  Series  Bi-FET  Noise  Voltage 
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Table  3-9.  -55*C  Statistical  Summary  For  LF155  Series  Devices. 
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Table  3.12  -55°C  Statistical  Sunmary  For  LF155A  Series  Devices 
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Table  3-13.  125°C  Statistical  Sunmary  For  LF155A  Series  Devices. 


Table  3-16.  LP157  Dynanic  Data  9  25*C 
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SECTION  IV 


MULTIPLE  BI-FET  OP  AMPS 
MIL-M-38510/1 19 


4.1  Introduction 

The  first  op  amps  of  this  series  which  were  introduced  to  RADC  for 
characterization  and  possible  slash  sheet  action  were  the  TL061  and 
TL071  families  from  Texas  Instruments.  Each  of  these  families  included 
single,  dual  and  quad  device  types.  The  TL061,  TL062  and  TL064  devices 
were  offered  as  a  low  power  category  and  the  TL071,  TL072  and  TL074 
devices  were  classified  as  low  noise  devices.  Preliminary 
characterization  studies  at  GEOS  were  encouraging  and  a  recommendation 
for  slash  sheet  action  was  made.  Since  these  new  BI-FET  op  amps  had 
lower  absolute  maximum  ratings  than  the  LF155  series  devices,  it  was 
necessary  to  generate  a  new  slash  sheet.  National  Semiconductor  and 
Fairchild  were  also  introducing  multiple  BI-FET  op  amp  devices  which 
could  be  included  in  the  new  slash  sheet.  Table  3-1  shows  the 
relationship  between  the  generic  and  military  device  types: 

Table  4-1.  Table  of  Device  Types  Specified. 


Device 

Type 

Generic 

Type 

Manufacturer 

BI-FET  Op  Amp 

Description 

11901 

TL061 

Texas  Instruments 

Single-low  power  1/ 

11902 

TL062 

M  ft 

Dual-low  power 

1 1903 

TL064 

It  It 

Quad- low  power 

1 1 904 

TL071 

tt  *' 

Single-general  purpose  2/ 

"  " 

uAF77 1 

Fairchild 

it  n 

"  " 

LF 151 

National  Semiconductor 

11905 

TL072 

Texas  Instruments 

Dual-general  purpose 

M  •• 

uAF 772 

Fairchild 

tt  tt 

”  " 

LF153 

National  Semiconductor 

11906 

TL074 

Texas  Instruments 

Quad-general  purpose 

ft  »t 

uAF7  74 

Fairchild 

it  it 

LF147 

National  Semiconductor 

1/  The  low  power  devices  use  less  than  0.3  mA  of  supply  current  per  op  amp. 
2/  The  general  purpose  op  amps  are  low  cost  J-FET  front  end  devices,  with 
performance  that  meet  or  exceed  that  of  the  popular  741  industry 
"workhorse" . 
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4.2  Description  of  Device  Types 

The  op  amps  specified  in  MIL-M-385 10/1 19  have-  fewer  J-FETs  per  op  amp 
than  the  LF155  series  devices.  As  a  result  the  chip  real  estate  per 
function  is  approximately  2/3  that  of  an  LF155  device.  Consequently, 
the  options  for  lower  cost  and  multiple  op  amp  devices  are  also  more 
viable  than  with  the  LF155  series  design. 

A  simplified  schematic  which  shows  the  main  features  of  these  new  second 
generation  BI-FET  op  amps  is  shown  in  Figure  4-1. 


Figure  4-1.  BI-FET  Op  Amp  Simplified  Schematic. 

Detailed  schematics  of  various  generic  devices  are  shown  in  Figures  4-2 
through  4-3.  All  of  these  devices  feature  J-FETs  for  the  differential 
input  stage  and  complementary  bipolar  transistors  for  the  totem  pole 
output  stage.  Unlike  the  LF155  series  design  a  J-FET  is  not  used  to 
replace  the  output  PNP  transistor  for  stability  improvement. 

Another  common  difference  between  these  devices  and  the  LF155  series  is 
that  the  input  J-FETs  are  not  loaded  by  matched  J-FET  current  sources. 
Instead  a  bipolar  current  mirror  Is  used  with  trim  resistors  in  the 
emitter  legs.  Offset  voltage  can  be  internally  laser  trimmed  or 
externally  potentiometer  trimmed.  Because  of  pinout  restrictions  some 
of  the  duals  and  all  of  the  quads  do  not  have  external  offset  voltage 
adjustment  capability.  Caution  should  be  exercised  in  swapping  /II 9 
single  with  / 1 1 4  devices  in  applications  using  the  offset  control  pins. 
Since  the  LF155  adjustment  is  connected  to  +  Vcc  and  the  / 1 1 9  single 
device  Is  connected  to  -  Vcc  proper  operation  after  swapping  will  not 
work  and  could  lead  to  device  destruction  if  the  trim  wiper  gets  too 
close  to  one  of  the  potentiometer  ends. 
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The  input  for  the  single  ended  high  gain  second  stage  la  taken  off  the 
collector  of  the  current  mirror  transistor. 


Another  current  mirror  connected  to  a  zener  regulated  current  source 
provides  separate  constant  current  biasing  for  the  first  and  second 
amplifier  stages  of  the  TL071  series  devices. 


Figure  4-2.  TL071  Series  Op  Amp  Schematic. 

The  current  source  stage  biasing  for  the  other  devices  are  all  different 
in  design.  Modifications  of  current  mirrors  and  lateral  PNP  transistors 
are  used  extensively  as  can  be  seen  in  the  circuit  schematics.  The 
degree  of  circuitry  used  for  stage  biasing  enables  the  op  amps  to  be 
used  over  a  wide  range  of  power  supply  voltages  while  maintaining 
excellent  power  supply  rejection  to  noise  and  other  disturbances. 
Further  details  are  covered  in  the  manuals,  books  and  papers  referenced 
in  the  bibliography  of  this  report. 

All  of  the  generic  industry  device  types  within  the  / 1 1 9  specification 
have  design  differences  which  will  tend  to  favor  one  parameter  over 
another.  As  a  consequence  of  this  fact  the  margin  of  performance 
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between  the  different  vendor  devices  and  the  specification  limits  will 
vary  accordingly.  The  following  device  schematics  are  shown  in  the 
Appendix. 


Figure  Device  Electrical  Schematic 

4-3  TL061  Series  Op  Amp  Schematic 

4-4  LF151,  153,  147  Op  Amp  Schematic 

4-5  uAF77l  Series  Op  Amp  Schematic 


4.3  Test  Development 

The  test  development  for  the  multiple  BI-FET  op  amps  was  very  similar  to 
the  procedure  described  in  Section  3.3.  A  notable  difference  was  that 
the  test  adapter  had  to  be  configured  to  accept  dual  and  quad  devices  in 
addition  to  single  devices.  This  was  accomplished  by  building  several 
DIP  to  T05  pin-out  converters  with  manual  selection  switches.  Although 
this  method  was  satisfactory  in  getting  the  data,  a  more  elaborate  relay 
controlled  socket  would  have  been  more  efficient  for  testing  large 
quantities  of  devices,  especially  if  this  effort  were  required  on  a 
continuing  basis.  All  of  the  standard  op  amp  parameters  as  shown  in  the 
previous  section  Table  3-3  were  required  to  characterize  these  devices. 

The  devices  which  were  characterized  are  identified  in  Table  4-2. 

Table  4-2.  Device  Types  Characterized. 


Generic 

Type 

S/N 

Manufacturer 

Code 

Date 

Code 

No.  of 
Op  Amps 

TL061 

101-120 

A 

_ 

20 

TL062 

201-210 

A 

- 

20 

TL064 

301-303 

A 

7914 

12 

TL071 

401-415 

A 

- 

15 

LF151 

422-425 

C 

7925 

3 

AF771 

431-440 

B 

7916 

10 

TL072 

501-519 

A 

7831 

20 

LF153 

521-526 

C 

7925 

12 

AF774 

631-637 

B 

7906 

20 

Detailed  test  conditions  and  equations  are  identical  to  those  in  the 
Appendix,  Table  3-4  except  that  the  power  supply  voltages  were  reduced 
from  ±  20  V  to  ±  15  V  and  the  input  common  mode  voltage  range  was 
reduced  from  ±  15  V  to  ±  11  V.  The  static  test  circuit  is  the  same  as 
that  in  Figure  3-2  except  that  the  offset  adjust  resistor  is  10  K  ohms 
referenced  to  -  Vcc. 
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Software  changes  were  made  to  the  program  to  reduce  the  power  supply  and 
command  voltages  to  the  specified  values  for  these  devices.  Transient 
response,  settling  time  and  slew  rate  data  were  measured  manually  with  a 
new  test  fixture  having  dedicated  DIP  sockets  for  single,  dual  and  quad 
devices. 

As  with  the  LF155  series  devices,  a  Tektronix  577  curve  tracer  was  used 
to  observe  parameter  to  parameter  characteristics  of  sample  devices. 
Further  details  on  op  amp  characterization  test  procedures  are  contained 
in  Section  3.3. 

4.4  Test  Results  and  Data 

A  total  of  51  low  power  op  amps  and  81  general  purpose  op  amps  in  a 
combination  of  single,  dual  and  quad  packages  were  tested  on  the 
Tektronix  S-3260.  The  test  data  was  released  to  RADC  and  the 
manufacturer  representatives  of  the  JC-41  Committee  in  a  report  entitled 
"Characterization  Data  for  M1L-M-38510/1 19  Multiple  BI-FET  Op  Amps", 
Oct.  1979.  A  typical  data  sheet  of  several  dual  general  purpose  devices 
(Type  05)  is  shown  in  Table  4-3.  Other  data  sheets  are  in  the  Appendix 
as  follows; 

Table  Subject 

4-4  Typical  Device  Type  02  Data  at  25°C 

4-5  Typical  Device  Type  02  Data  at  -55°C 

4-6  Typical  Device  Type  02  Data  at  125°C 

4-7  Typical  Device  Type  05  Data  at  -55°C 

4-8  Typical  Device  Type  05  Data  at  125°C 

Each  of  these  data  sheets  show  how  the  data  values  of  10  devices 
compares  to  the  JC-41  Committee  limits  at  a  given  test  temperature. 

Most  parameters  were  tested  with  ±  16  volt  power  supplies  over  a  ±  12 
volt  common  mode  range.  Even  though  device  types  01,  02,  and  03  are  not 
rated  to  drive  a  2000  ohm  load,  data  was  taken  with  this  condition  for 
information  only. 

Histograms  were  generated  on  an  op  amp  basis  for  both  device  type 
families  for  all  parameter-temperature  combinations.  One  such  histogram 
at  25°C  of  common  mode  rejection  for  device  types  04,  05  and  06  is  shown 
in  Figure  4-6. 
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Table  4-3,  Typical  Type  05  Data  at  25°C 


VALUE  AT  4  FROM  ALL7*.100«ANF  881SH33  88  SEP  79 

CNR  AT  16V, -16V  DEVICE  TYPES  NIL/119-84,  85,  06 
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Figure  4-6.  Common  Mode  Rejection  at  25°C 
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Table  4-9.  Device  Type  01,02,03  Data  Distribution  &  Limits 

(Sheet  1  of  2) 


PARAMETER  *  [///DATA////]  * 

(~55°C  <  TA  <  125°C)  LL< - LIMIT - >HL  UNIT 


Offset  Voltage  (25°C)  [ //*///////////////////*//] 

(Vio)  .  .-5  ....  0  ....  5  mV 


Offset  Voltage  [//////*///////////////////////////*] 

(Vio)  ...  .-7 . 0 . 7  mV 


Offset  Voltage  Drift  *  [///////////////////*/] 

D-Vio/D-T  -30  .  0  .  30.  .uV/oC 


Offset  Current  (25°C)  [*///////////////*] 


(lio) 

.  .  .  .-100  . 

*  •  0  m  •  • 

100 

«  • 

pA 

Offset  Current 

* 

[////] 

* 

(lio) 

....  -20  . 

•  •  0  •  •  * 

20. 

•  « 

nA 

Input  Bias  Current 

(25°C) 

* 

[////////] 

* 

(0V  Common  Mode) 

.  .  .  .-200  . 

•  •  0  •  *  • 

200 

•  • 

pA 

Input  Bias  Current 

(25°C) 

[/*//////////////////] 

* 

(-12V  Common  Mode) 

-400  . 

•  •  0  •  •  • 

200 

•  • 

pA 

Input  Bias  Current 

(25°C) 

*  [//////////////] 

* 

(12V  Common  Mode) 

• 

-200  .  0  .  .  .  . 

.  1200. 

pA 

Input  Bias  Current 

(125°C) 

*[/////////]  * 

(+  0V  and  -12V  Common  Mode) 

-10  .  . 

•  •  •  •  •  70.  * 

nA 

Input  Bias  Current 

(125°C) 

*[//////////] 

* 

(12V  Common  Mode) 

-10  .  . 

•  • 

100 

nA 

Power  Supply  Rejection  {//*///////////////////] 

(+PSRR.-PSRR)  80  .  120  .  .  dB 


Common  Mode  Rejection  *[//////////////////] 

(CMR)  80  .  120  .  .  dB 
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Table  4-9.  Device  Type  01,02,03  Data  Distribution  &  Limits 

(Sheet  2  of  2) 

PARAMETER  *  [///DATA////]  * 

(-55oC  <  TA  <  125°C)  LL< - LIMIT - >HL  UNIT 

Output  Short  Circuit  Current  *  [//] 

I0S(+)  -40 . 0  mA 

Output  Short  Circuit  Current  [/]  * 

IOS(-)  0 . 40  mA 

Supply  Current  (per  Op  Amp)  [/]  * 

(Icc)  Ta=  -55°C  0 . 0.3 . mA 

Supply  Current  (per  Op  Amp)  [/]  * 

(Icc)  25°C<  Ta  <125<>C  0 . 0.3 . mA 

Output  Voltage  Swing  *  [/] 

(+Vop)  10  Kohm  Load  12 . 16  V 

Output  Voltage  Swing  [//]  * 

(-Vop)  10  Kohm  Load  -16 . -12  V 

Voltage  Gain  (25°C)  *  [/////////] 

(Avs(+))  10  Kohm  Load  5 . 15.  V/mV 

Voltage  Gain  (25°C)  [*/////] 

(Avs(-))  10  Kohm  Load  5 . 15  V/mV 

Voltage  Gain  *  [/////////////] 

(Avs(+))  10  Kohm  Load  4.  ...9 . 15  V/mV 

Voltage  Gain  [//*///////] 

(Avs(-))  10  Kohm  Load  ..4.  ...9 . 15  V/mV 

Slew  Rate  (25°C)  *  [////] 

(SR(+) )  0 . 4 . 8  V/uS 

Slew  Rate  (25°C)  *  [//////////////] 

(SR(-))  0 . 4 . 8  V/uS 

Slew  Rate  *  [///] 

(SR(+) )  0 . 4 . 8  V/uS 

Slew  Rate  *  [/////////////////] 

(SR(-))  0 . 4 . 8  V/uS 
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Table  4-10.  Device  Type  04,05,06  Data  Distribution  &  Limits 

(Sheet  1  of  2) 


PARAMETER 
(-55°C  <  TA  <  125c 


*  [///DATA////]  * 


-LIMIT¬ 


'LL  UNIT 


Offset  Voltage  (25°C) 
(Vio) 


[*///////////////////*/] 

.-5  ....  0  ....  5  mV 


Offset  Voltage 
(Vio) 


[//*///////////////////////////*] 

,  .-7 . 0 . 7  mV 


Offset  Voltage  Drift 
D-Vio/D-T 


*  [////////////////////*/] 

-30  .  0  .  30.  .uV/oC 


Offset  Current  (25°C) 
(lio) 


[*///////////////*///] 

.  .  .  .-100  .  .  .  0  .  .  .  100  .  .  pA 


Offset  Current 
(lio) 


*  [/////////] 

....  -20  .  .  .  0  .  . 


Input  Bias  Current  (25°C) 
(0V  Common  Mode) 


*  I/////////]  * 

.  .-200  .  .  .  0  .  .  .  200  .  .  pA 


Input  Bias  Current  (25°C) 
(-12V  Common  Mode) 


[/*//////////////////] 

-400  .  0  .  , 


200  .  .  pA 


Input  Bias  Current  (25°C) 
(12V  Common  Mode) 


-200  .  0 


[//////////////]  * 

. .  1200.  pA 


Input  Bias  Current  (125°C) 
(+  0V  and  -12V  Common  Mode) 


*[///////] 

-10  .  .  .  .  , 


Input  Bias  Current  (125°C) 
( ' 2V  Common  Mode) 


*  [/////////]  * 

-10 . 100  nA 


Power  Supply  Rejection 
(+PSRR,-PSRR) 


[*///////////////////] 

80  .  120  .  .  dB 


Common  Mode  Rejection 
(CMR) 


[*///////////////////] 

80  .  120  .  .  dB 
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Table  4-10.  Device  Type  04,05,06  Data  Distribution  &  Limits 

(Sheet  2  of  2) 


PARAMETER  *  [///DATA////]  * 


(-55°C  <  TA  <  125°C)  LL< - LIMIT - >HL  UNIT 

Output  Short  Circuit  Current  *  [/] 

I0S(+)  -80  .......0  mA 

Output  Short  Circuit  Current  [//]  * 

IOS(-)  0 . 80  mA 

Supply  Current  (per  Op  Amp)  [//]  * 

( Icc)  Ta=  -55°C  0 . 4..  mA 

Supply  Current  (per  Op  Amp)  [//]  * 

(Icc)  25°C<  Ta  <125°C  0 . 3.5.  .  .  mA 

Output  Voltage  Swing  *  [/] 


('+Vop)  10  Rohm  Load  12.  ......16  V 


Output  Voltage  Swing 
(-Vop)  10  Rohm  Load 

[///] 

-16 . 

* 

.  .-12 

V 

Voltage  Gain 

(25°C) 

*[/////////////////// 

(Avs(+))  10 

Rohm  Load 

50 . . 

.  ...  300 

V/mV 

Voltage  Gain 

(25°C) 

*[/////////////////// 

(Avs(-) )  10 

Rohm  Load 

50 . 

.  ...  300 

V/mV 

Voltage  Gain 

*  [/////////////////// 

(Avs(+))  10 

Rohm  Load 

25 . 

,  ...  300 

V/mV 

Voltage  Gain 

*  [//////////////////// 

(Avs(-))  10 

Rohm  Load 

25 . . 

.  ...  300 

V/mV 

Slew  Rate 

(2  5°C) 

[/*//////////////] 

(SR(+) ) 

0  .  .  7  .  .  . 

.  ...  25 

V/uS 

Slew  Rate 

(25°C) 

[*////////////] 

(SR(-) ) 

0  .  .  7  .  .  , 

,  ...  25 

V/uS 

Slew  Rate 

[*/////////////] 

(SR(+) ) 

0.5..., 

,  ...  25 

V/uS 

Slew  Rate 

[*///////////] 

(SR(-) ) 

0.5..., 

.  ...  25 

V/uS 
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4.5  Discussion  of  Results 


The  characterization  data  was  carefully  reviewed  to  determine  how  well 
it  complies  to  the  proposed  JC-41  limits  and  the  June  1979  Rev.  1  issue 
of  MIL-M-38510/1 19.  Where  there  is  good  agreement  between  the  data  and 
the  limits,  no  further  discussion  is  given  here.  The  proposed  JC-41 
parameter  limits  were  then  carried  over  into  Table  4-11.  Where  there  is 
a  discrepancy  between  the  data  and  the  JC-41  limits  a  discussion  is 
included  with  CEOS  proposed  limits.  Because  of  the  limited  sample  size 
(51  low  power  op  amps  and  81  low  cost  op  amps),  the  GEOS  data  may  not 
accurately  reflect  the  data  of  all  manufacturer  lot  samples. 

Tables  4-9  and  4-10  shows  the  distribution  of  most  parameters  in  a 
cryptic  histogram  form.  This  comparison  of  data  and  initial  limits  is  a 
good  guage  for  defermining  if  any  changes  should  be  considered. 

Input  Offset  Voltage  (Vio) 

With  the  exception  of  Vendor  B  Type  04  devices  at  125°C,  the  offset 
voltage  data  agrees  with  the  proposed  limits  of  ±  5  mV  and  ±  7  mV  at 
25°C  and  over  the  military  temperature  range,  respectively.  No  limit 
change  was  recommended. 

Input  Offset  Current  (Iio) 

Early  in  the  characterization  program  there  were  many  device  failures  to 
the  ±  50  pA  JC-41  limits.  Because  of  this  the  histogram  and  statistical 
analysis  limits  were  loosened  to  ±  100  pA.  A  comparison  of  the  25°C, 
zero  common  mode  offset  current  data  against  the  data  limits  is  as 
follows: 

Device  Yield  at  Yield  at 

Type _ Iio  =  ±  100  pA  (max)  IiO  ±  50  pA  (max) 

01,02,03  (51—8  )/51  =  84%  (51-15)/51  =  70% 

04,09,06  (81-18 ) /81  =  78%  (81-27)/81  =  67% 

Even  with  100  pA  limits,  the  yield  is  relatively  low.  Looser  limits 
were  not  requested  by  the  manufacturers. 

Input  Bias  Current  (±  HB) 

At  the  negative  common  mode  condition  at  25°C,  both  device  families 
had  yields  of  less  than  70%  against  the  -200  pA  limit.  The  yields 
improve  to  better  than  80%  with  a  recommended  low  limit  of  -400  pA. 

The  high  temperature  high  limits  were  too  loose  and  it  is  suggested  that 
they  be  changed  from  100  nA  to  70  nA  at  the  positive  common  mode  voltage 
and  from  70  nA  to  50  nA  for  the  other  common  mode  voltage  conditions. 
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Short  Circuit  Current  (Ios(+),  Ios(-) 


Based  on  these  devices  alone,  limits  of  3D  mA  would  be  recommended; 
however,  other  vendor  type  devices,  not  yet  characterized,  require  the 
40  mA  limit  for  the  low  power  category.  The  general  purpose  device 
limits  of  ±  80  mA  are  very  conservative  for  the  data  distribution,  which 
had  a  peak  value  of  Ios(+)  =  -  50.6  mA  at  -  55°C. 

Supply  Current  (Icc) 

Although  the  supply  current  is  specified  on  an  op  amp  basis, 
observations  of  the  data  show  that  duals  and  quads  use  less  current  per 
op  amp  than  does  a  single  device.  An  average  "discount”  for  the 
multiple  op  amps  based  on  histogram  mean  values  is  20%  for  the  duals  and 
30%  for  the  quads.  No  change  is  recommended  for  / 1 1 9 . 

Output  Voltage  Swing  (+  Vop,  -  Vop) 

Based  on  the  data,  the  voltage  swing  limits  are  specified  very 
conservatively.  For  device  types  01,  02  and  03  with  a  10K  ohm  load, 

-  Vop  is  the  weakest  drive.  50  out  of  51  devices  had  less  than  1.2  V  of 
negative  saturation.  (-Vsat  =  |  -Vcc  -  (-Vop)  |). 

The  single  01  maverick  with  1.7  V  of  negative  saturation  also  failed  the 
Vio,  -PSRR  and  the  gain  tests.  For  the  04,  05,  and  06  device  data  the 
maximum  saturation  drops  were  2.1  V  at  10  K  ohm  and  3.5  V  with  2  K  ohm 
loading. 

It  is  recommended  that  the  swing  limits  be  increased  to  12.5  V  at  10  ohm 
and  11  V  at  2  K  ohm.  The  characterization  data  was  measured  with  ±  Vcc 
=  ±  16  V,  whereas  the  proposed  slash  sheet  is  specified  with  ±  Vcc  =  ± 

15  V.  Because  of  this  difference  the  data  was  examined  on  an  "output  to 
rail"  basis. 

Open  Loop  Voltage  Gain  (Ayg(+),  (Ayg(-)) 

One  of  the  tradeoffs  for  device  types  01,  02  and  03  is  that  the  low 
power  option  results  in  lower  open  loop  gain.  One  change  that  can  be 
recommended  is  that  Ays  at  ±  Vcc  =  ±  5  V  be  increased  from  2  to  3  V/mV 
(min.).  The  lowest  corresponding  data  value  was  approximately  4.8  V/mV 
at  -  55  °C. 

As  a  general  observation,  device  types  04,  05  and  06  have  lower  gains 
than  the  LF155  series  devices  by  a  factor  of  from  1/4  to  1/3. 

Slew  Rate  (SR(+),  SR(-)) 

With  the  exception  of  several  failures  from  vendor  code  B  devices,  all 
of  the  devices  had  slew  rates  greater  than  the  specified  minimum  levels. 
No  specification  change  is  recommended,  unless  vendor  code  B  determines 
that  a  relaxation  in  limits  is  necessary. 
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Transient  Response  (TR(tr),  TR(os)) 

The  previous  parameters  were  measured  automatically,  but  transient 
response  was  measured  manually  with  a  signal  generator  and  an 
oscilloscope.  Histograms  were  generated  on  the  S-3260  from  the  mamm  1 
data. 

For  low  power  devices  the  data  indicates  that  the  rise  time  and 
overshoot  should  be  changed  from  600  nanoseconds  and  40Z  to  400 
nanoseconds  and  20%  respectively.  These  limits  would  still  leave  a  2:1 
margin  from  the  observed  worst  cases.  Device  types  04,  05  and  06  have 
data  in  good  agreement  with  the  limits. 

Settling  Time  (ts(+),  ts(-)) 

The  data  indicates  that  the  settling  time  limit  for  device  types  01,  02 
and  03  needs  to  be  increased  from  1500  ns  to  6000  ns.  The  initial 
limits  of  1500  ns  was  a  tentative  estimate  without  a  JC-41 
recommendation. 

In  view  of  the  fact  that  device  types  04,  05  and  06  have  four  to  five 
times  as  fast  a  slew  rate  as  the  low  power  devices,  it  is  not  surprising 
that  the  data  yields  a  similar  conclusion  with  regard  to  settling  time. 

4.6  Slash  Sheet  Development 

MIL-M-38510/1 19  was  developed  according  to  the  pattern  established  for 
M1L-M-  38510/114  and  earlier  op  amp  specifications.  The  major 
differences  are  in  reduced  power  supply  conditions  and  somewhat  looser 
limits.  The  burn-in  circuits  are  identical  with  those  in 
MIL-M-38510/1 14. 

4.7  Conclusions  and  Recommendations 

A  characterization  study  was  conducted  on  a  mix  of  single,  dual  and  quad 
Bl-FET  op  amps.  The  data  base  consists  of  51  low  power  op  amps  and  81 
general  purpose  op  amps.  Minor  changes  in  JC-41  specifications  were 
made  to  reflect  GEOS's  data  observations,  yield  considerations  and  user 
priorities.  These  multiple  Bl-FET  op  amps  should  find  many  useful 
applications  in  military  systems. 

A  recommended  slash  sheet  was  submitted  to  RADC  and  the  JC-41  Committee. 
The  attached  Table  4-11  represents  the  tinalized  MIL-M-38510/119  Table  1 
specification. 
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Table  4-11.  Final  MIL-M-38510/119  Electrical  Specification 


Footnotes : 

U  Bias  currents  are  actually  junction  leakage  currents  wincn  double 
(approximately)  for  each  10  C  increase  in  junction  temperature  Tj. 

Measurement  of  bias  current  is  specified  at  Tj  rather  than  Ta,  since  normal 
warmup  thermal  transients  will  affect  the  bias  currents.  The  measurements  for 
bias  currents  must  be  made  within  25  ms  after  power  is  first  applied  to  the 
device  for  test.  Measurement  at  Ta  «  -55*C  is  not  necessary  since  expected 
values  are  too  small  for  typical  test  systems. 

21  Bias  current  is  sensitive  In  power  supply  viiltni|i',  i.uiiuimn  mmle  voltage  ami 
tempi' r a t o re  as  shown  by  the  I  tit  towing  typii.il  turves: 


-15  -10  -5  0  5  10  15 

VCM IV) 


-50*25  0  25  50  75  100  125 
Ta(°C) 


3/  1 1 o  is  calculated  as  the  difference  between  ♦Iib  and  -Iib- 

J/  CMB  is  calculated  from  V[g  measurements  at  Vcm  -  *11  and  -11  V. 

5/  Continuous  limits  shall  be  considerably  lower.  Protection  for  shorts  to  either 
supply  exists  providing  that  Tj(max)  <  1 7 5 * C . 

6/  Because  of  thermal  feedback  effects  fFom  output  to  input,  open  loop  gain  is  not 
guaranteed  to  be  linear  or  positive  over  the  operating  range.  These 
requirements,  if  needed,  should  be  specified  by  the  user  in  additional 
procurement  documents. 

7/  Offset  adjustment  pins  do  not  exist  for  8-pin'dua)  and  14-pin  quad  packages. 

8/  Channel  separation  is  applicable  only  for  the  dual  and  quad  devices. 


Table  4-11.  Final  MIL-M-38510/119  Electrical  Specification 
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SECTION  IV 
APPENDIX 

MULTIPLE  BIFET  OP  AMPS 
MIL-M- 38510/119 
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Figure  4-5  .  uAF771  Series  Op  Amp  Schematic. 
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Table  4-4  Typical  type  02  data  at  25°C 


IV- 2  3 
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SECTION  V 


SAMPLE/HOLD  CIRCUITS 
MIL-M-38510/125 

5.1  Introduction 

Sample  and  hold  circuits  are  becoming  more  and  more  important, 
especially  with  the  growth  in  the  fields  of  data  acquisition  and  data 
distribution.  National  Semiconductor's  LF198  was  the  first  I.C.  sample 
and  hold  circuit  to  be  proposed  by  the  JC-41  Committee  for  military 
slash  sheet  action.  Table  5.1  shows  the  sample  and  hold  circuits  which 
were  specified  for  MIL-M-38510/125. 

Table  5-1.  Table  of  Device  Types  Specified. 


Device 

TyPe 

12501 

12501 

12501 

12502 


Generic 

TyPe 

LF198 

LF198 

LF198 

SE5537 


Manufacturer 

National 

AMD 

Signetics 

Signetics 


Description _ 

Sample  &  hold  circuit,  10K  ohm  load 
Sample  &  hold  circuit,  10K  ohm  load 
Sample  &  hold  circuit,  10K  ohm  load 
Sample  &  hold  circuit,  2K  ohm  load 


Some  of  the  outstanding  features  of  the  LF198,  which  helped  promote  its 
characterization  as  a  military  device  type  are  as  follows: 


1.  Power  supply  range  from  +/-  5V  to  +/-  18  V 

2.  Monolithic  I.C.  construction 

3.  +/-  .005%  gain  error 

4.  Low  "hold"  mode  noise  and  droop 

5.  Wide  bandwidth 

6.  Fast  acquisition  time 

7.  High  feedthrough  rejection  ratio 


5.2  Description  of  Device  Types 


The  LF198  is  a  monolithic,  unity  gain,  closed  loop  type  sample  and  hold 
circuit.  A  functional  schematic  is  shown  in  Figure  5-1.  When  this 
device  is  in  the  sample  mode  with  the  switch  closed,  the  external  hold 
capacitor  charges  to  whatever  level  it  takes  to  make  the  output  equal  to 
the  input. 
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Figure  5-1.  LF198  Sample  Hold  Circuit  Functional  Schematic. 

The  static  gain  error  from  unity  is  guaranteed  to  be  within  +/-  .005%  at 
25°C  and  within  +/-  .02%  over  the  military  temperature  range. 

Acquisition  time  to  0.01%  accuracy  is  guaranteed  within  25  microseconds 
using  an  external  .01  uF  capacitor.  With  a  .001  uF  capacitor  the 
acquisition  time  is  typically  reduced  to  six  microseconds. 

The  device  is  manufactured  with  Bl-FET  technology  so  that  the  best 
features  of  bipolar  and  J-FET  transistors  can  be  incorporated  where  they 
will  do  the  most  good.  For  low  offset,  drift  and  gain  error  the  input 
buffer  is  all  bipolar.  The  output  buffer  uses  front  end  J-FETs  so  as  to 
minimize  "hold"  mode  "droop"  due  to  input  gate  to  capacitor  leakage 
current.  One  consequent  penalty  of  the  J-FETs  is  that  at  elevated 
temperatures  the  leakage  current,  which  doubles  for  each  11°C  rise  in 
chip  temperature,  becomes  a  dominant  error  source.  A  differential  logic 
comparator  driving  a  diode  bridge  performs  the  switch  function  of 
connecting  the  input  buffer  to  the  external  hold  capacitor  upon  the 
receipt  of  a  sample  (logic  -  high)  command.  In  order  to  keep  the  input 
buffer  active  with  the  input  signal  in  the  "hold"  mode,  the  back  to  back 
diodes  and  30  K  ohm  feedback  resistor  are  connected  into  the  compound 
follower  configuration.  Without  this  feature  the  input  buffer  would  go 
into  saturation  in  the  "hold"  mode  and  additional  time  would  be  needed 
to  come  out  of  saturation  when  the  "sample"  mode  was  initiated. 
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Figure  5-2.  LF198  Schematic  Diagram 


The  300  ohm  isolation  resistor  in  series  with  the  “hold"  capacitor 
terminal  is  included  for  stability  reasons*  The  penalty  for  this 
increase  in  stability  is  an  increase  in  acquisition  time  and  dynamic 
sampling  error*  An  offset  adjustment  pin  is  provided  for  D.C.  zeroing 
the  input  offset  voltage.  "Hold"  mode  performance  of  the  LF198  is  very 
dependent  on  the  quality  of  the  "hold"  capacitor.  These  capacitors 
should  have  low  dielectric  absorption  so  that  "creep”  or  hysteresis  of 
the  stored  voltage  is  well  within  the  allowable  application  accuracy. 

A  detailed  schematic  of  an  LF198  is  shown  in  Figure  5-2. 

The  SE5537  is  generically  the  same  as  the  LF198,  except  that  the  output 
has  been  designed  to  drive  up  to  a  2000  ohm  load  instead  of  a  10,000  ohm 
load.  Both  device  types  are  packaged  in  a  T0-99  metal  can. 

5.3  Test  Development 
Test  Parameters 

Monolithic  sample  and  hold  circuits  are  relatively  new  devices,  which 
are  not  presently  covered  by  a  military  slash  sheet.  In  order  to 
develop  a  test  procedure  for  these  devices  GEOS  first  contacted  the 
various  manufacturers  for  recommendations.  Also  a  preliminary 
MIL-M-38510  Table  I  was  provided  by  the  JC-41  Committee.  All  of  the 
manufacturers  submitted  test  procedures  for  their  commercial  parts.  In 
addition.  National  Semiconductor  presented  additional  ideas  for  a  more 
comprehensive  military  device  test  procedure.  Sample  devices  were 
procured  during  the  same  time  frame,  as  shown  in  Table  5-2. 

Table  5-2.  Device  Types  Characterized. 


Generic 

Type 

S/N 

Manufacturer 

Code 

Date 

Code 

LF198 

6-48 

A 

7909 

LF198 

51-68 

B 

7833 

LF198 

74-79 

C 

7934 

SE5537 

81-90 

C 

7946 

Analysis  of  the  manufacturer  test  documentation,  bench  observations  and 
GEOS-generated  ideas  were  blended  to  yield  a  preliminary  test  procedure. 
Table  5-3  gives  a  list  of  the  parameters  which  evolved  during  the 
characterization  of  the  LF198  Sample  and  Hold  circuits. 
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Table  5-3.  Test  Parameters  for  Characterization 


Item 


No 

Symbol 

Test  Parameter 

1 

VIO 

Input  offset  voltage 

2 

D-V10/D-T 

Input  offset  voltage  temperature  sensitivity 

3 

IiB 

Input  bias  current 

4 

Zi 

Input  impedance 

5 

Ae 

Gain  error 

6 

VIO  (ADJ  +) 

Input  offset  voltage  adjustment  (Pos.) 

7 

VIO  (ADJ  -) 

Input  offset  voltage  adjustment  (neg.) 

8 

+PSRR 

Power  supply  rejection  ratio 

9 

-PSRR 

Power  supply  rejection  ratio 

10 

FRR,  FRRac 

Feedthrough  rejection  ratio 

11 

Zo 

Output  impedance 

12 

Vhs 

"Hold"  step 

13 

Icc 

Supply  current 

14 

Rsc 

Series  change  resistance 

15 

IIH 

Logic  input  current  (high) 

16 

IIL 

Logic  input  current  (low) 

17 

I0S(+) 

Output  short  circuit  current  (Pos.  output) 

18 

ios(-) 

Output  short  circuit  current  (Neg.  output) 

19 

IHL(+) 

Hold  mode  leakage  current  (Pos.  output) 

20 

IHL(-) 

Hold  mode  leakage  current  (Neg.  output) 

21 

ICH(+) 

Hold  cap.  charge  current  (Pos.  output) 

22 

ICH(-) 

Hold  cap.  charge  current  (Neg.  output) 

23 

VTH 

Differential  logic  threshold  voltage 

24 

taq 

Acquisition  time  (.01%  error) 

25 

tap 

Aperture  time 

26 

TR(ts) 

Transient  response  settling  time 

27 

TR(OS) 

Transient  response  overshoot 

28 

en(H) 

Noise  (hold  mode) 

29 

en(S) 

Noise  (sample  mode) 

Test  Adapter 

A  schematic  of  the  LF198  test  adapter  is  shown  in  Figure  5-3.  Relay 
coils  and  their  means  of  excitation  are  not  shown.  Relay  contacts  are 
shown  in  the  normally  de-energized  position.  Most  of  the  D.U.T. 
parameters  are  measured  in  the  "Sample"  mode.  This  requires  that  a  TTL 
compatible  ’’logic  one"  signal  be  applied  across  the  mode  control  logic 
inputs.  Also  most  parameters  are  measured  with  the  input  grounded  and 
no  load  on  the  output.  The  output  of  the  D.U.T.  is  amplified  by  a  gain 
of  100  V/V  before  being  presented  to  the  measurement  system.  Most  of 
the  measured  parameters  are  static  and  therefore  are  easily  exercised 
and  measured  by  an  automatic  tester. 


An  adapter  sample  and  hold  circuit  is  provided  for  the  measurement  of 
dynamic  and  volatile  data,  which  would  change  too  much  during  the 
several  milliseconds  of  cycle  time  of  the  automatic  measurement  system. 
More  details  on  how  the  different  parameter  tests  are  mechanized  will  be 
covered  in  subsequent  paragraphs. 

Several  photographs  of  the  adapter  are  shown  in  Figure  5-4. 

"Sample"  Mode  Test  Mechanizations 

Table  5-4  shows  the  voltage  conditions,  relay  programming,  and  equations 
for  all  of  the  automatic  tests. 

This  table  is  an  abbreviated  version  of  the  MIL-M-38510/125  Table  III 
and  together  with  the  test  adapter  schematic  gives  the  required  detail 
information  for  each  specific  test. 

Input  common  mode  voltage  conditions  are  exercised  by  swinging  the  power 
supplies  by  a  voltage  increment  while  grounding  the  input  signal.  Thus 
to  set  up  the  +  11.5  V  input  common  mode  condition,  +  Vcc  is  programmed 
for  +  3.5  V  and  -  Vcc  is  programmed  for  -26.5  V.  With  these  supply 
voltages  the  grounded  input  is  +  11.5  V  positive  with  respect  to  the  mid 
point  voltage  of  the  DUT  (device  under  test). 

Next  in  order  to  put  the  DUT  in  the  "sample"  mode,  the  "logic  reference" 
pin  is  programmed  to  the  DUT  mid  point  voltage  and  the  "logic"  pin 
voltage  is  made  2.5  V  higher. 

The  most  basic  parameter  to  be  tested  is  input  offset  voltage.  Since 
the  DUT  is  a  compound  voltage  follower  in  the  "sample"  mode,  the 
output  of  the  DUT  equals  the  input  offset  voltage.  Five  separate 
conditions  of  power  supply  voltage  and  input  common  mode  voltage  are 
exercised.  The  next  eight  parameters  in  Table  5-3  are  tested  in  a 
similar  manner  with  slight  modifications.  For  instance  input  bias 
current  is  extracted  from  the  offset  voltage  measurement  when  100K  ohms 
is  programmed  at  the  DUT  input.  Input  impedance  is  determined  by 
dividing  the  change  in  bias  current  into  the  exercised  23  V  input  common 
mode  voltage  change.  The  change  in  offset  voltage  divided  by  the  input 
common  mode  voltage  change  determines  the  gain  error  from  unity. 
Similarly,  the  changes  in  offset  voltage  due  to  changes  of  the  +  Vcc 
and  -  Vcc  voltage  levels  determine  the  power  supply  rejection  ratios 
+  PSRR  and  -  PSRR  respectively. 
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Table  5-4.  Device  Test  Mechanization 


K1.K2  E23  FRR  =  20  tog  1 1150/<E24-E23) I  86 

E24  FRR  =  20  log  1 1 150/(E25-E24) | 

£25  FRR  =  20  log  1 1 150/(E26-E25) I 

E26  FRR  =  20  log  I  U50/CE27-E26)  I 


Supply  current  is  measured  in  the  “sample"  mode  because  its  value  is 
higher  here  than  in  the  "hold"  mode. 

Series  charge  resistance  is  measured  as  a  static  parameter  by 
determining  the  change  in  charge  current  for  a  400  mV  change  across  it. 
The  hold  cap  terminal  is  grounded.  Dynamic  sampling  error  (DSE)  is 
proportional  to  series  charge  resistance  according  to  the  equation: 

DSE  =  K  *  Rsc  *  Ch  *  SR 

where 

K  *  proportionality  constant 

Ch  =  "hold"  capacitance  in /j? 

SR  =  Input  Signal  Slew  Rate  in  volts^sec 

Rsc  =  series  change  resistance  in  ohms 

By  keeping  the  applied  voltage  change  small,  the  current  is  not  at  the 
full  slew  rate  limit. 

The  tests  for  ICH(+)  and  ICH(-)  charge  current  are  similar  to  the  Rsc 
test  except  that  the  common  mode  voltage  technique  with  a  grounded  input 
is  used.  These  two  tests  determine  the  ability  of  the  DUT  to  supply 
source  and  sink  current  out  of  the  "hold  cap"  terminal  to  ground.  The 
slew  rate  interval  of  acquisition  time  for  a  given  "hold"  capacitor  size 
is  dependent  on  these  charge  currents.  Output  short  circuit  current  is 
measured  and  checked  against  a  maximum  limit  to  verify  that  internal 
device  protection  exists. 

"Hold"  Mode  Test  Mechanizations 

All  of  the  "hold"  mode  tests  are  performed  using  an  external  .01  uF 
Teflon  capacitor.  This  capacitor  is  chosen  for  low  dielectric 
absorption.  Also  its  size  is  a  definite  test  condition  which  will 
contribute  to  the  DUT  data  values  for  feedthrough  rejection  ratio, 

"hold"  step  and  acquisition  time.  This  capacitor  has  a  shield  connected 
to  the  output  in  order  to  minimize  leakage  and  undesired  feedthrough 
coupling. 

For  the  feedthrough  rejection  test,  the  DUT  is  first  made  to  sample 
0V.  Next  the  DUT  is  commanded  to  the  "hold"  mode  and  the  input  is 
stepped  from  0V  to+  11. 5  V  toOV  to-  11.5  V  and  back  to  0V. 

For  each  input  condition,  the  output  is  measured  and  the  data  value  is 
stored.  The  difference  between  adjacent  data  values  for  each  of  the 
four  transitions  is  used  to  calculate  static  feedthrough  rejection.  As 
with  the  other  tests  the  amplifier  gain  of  100  and  the  measurement  range 


is  factored  into  the  parameter  equation.  It  should  be  emphasized  that 
test  adapter  and  test  socket  capacitance  between  pins  must  be  rigorously 
minimized  in  order  that  the  feedthrough  rejection  value  reflects  that  of 
the  DUT  and  not  the  tester. 

Output  impedance  is  determined  by  driving  the  output  with  10  volts 
through  a  10  K  ohm  resistor,  while  shorting  the  "hold"  capacitor 
terminal  to  ground.  The  measured  output  voltage  divided  by  the  applied 
current  is  calculated  to  determine  Zo.  Both  polarities  of  the  10  volt 
signal  are  applied. 

In  switching  from  the  "sample"  mode  to  the  "hold”  mode  there  is  a  shift 
in  the  output  voltage  called  "hold"  step.  This  parameter  is  determined 
for  both  input  common  mode  end  point  conditions. 

Hold  mode  leakage  currents  IHL(+)  and  IHL(-)  correspond  to  the  BI-FET 
input  bias  current  of  the  output  buffer  for  both  end  point  common  mode 
voltage  conditions.  Since  these  picoampere  currents  are  too  small  for 
direct  machine  measurement,  the  test  is  performed  by  measuring  the 
output  "hold"  mode  voltage  droop  over  a  100  millisecond  interval.  The 
leakage  current  is  then  calculated  by  I  =  C  (D-V/D-T) . 

At  125°C  where  the  leakage  current  can  increase  1000  times  its  25°C 
value,  the  droop  interval  time  is  reduced  to  10  milliseconds.  In  order 
to  improve  the  time  resolution  of  the  measurement,  the  adapter  sample 
and  hold  circuit  is  used  to  capture  the  data  values  for  the  measurement 
system.  For  most  parameter  measurements  the  characterization  and 
recommended  "slash"  sheet  methods  are  identical.  One  exception  to  this, 
however,  is  with  regard  to  differential  input  logic  threshold  voltage. 
For  characterization  it  is  necessary  to  know  the  exact  threshold  level 
at  which  the  DUT  changes  its  operating  mode.  Thin  was  done  by 
applying  a  differential  logic  voltage  and  then  measuring  the  "hold" 
capacitor  terminal  current.  After  the  measurement  the  test  voltage  was 
incremented  and  repeated.  The  differential  logic  voltage  at  which  the 
current  changed  from  less  than  10  microamperes  to  more  than  one 
mllliampere  is  the  desired  threshold  voltage.  In  the  "slash”  sheet 
procedure  it  is  only  necessary  to  test  that  at  VTH  =  0.8  V,  the  device 
is  in  the  "hold"  mode  and  that  with  VTH  =  2.0  V  the  device  is  in  the 
"sample”  mode. 
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5*3  Test  Development  (continued.) 


A  complete  characterization  of  the  LF198  Sample/Hold  circuit  requires  an 
automated  measurement  of  aperture  and  acquisition  times  over  the  full 
military  temperature  range  (-55oC  to  +125oC).  Since  both  measurements 
are  made  to  within  0.01%  (i.e.  1  mV  out  of  a  10  volt  step)  the 
mechanization  of  these  tests  involves  some  unique  problems  that  may 
effect  the  accurate  measurement  of  the  parameter  in  an  automated  test 
system  environment.  Therefore,  it  is  important  that  proper  grounding  and 
shielding  techniques  be  used  to  insure  a  relatively  noise-free 
operation. 

Acquisition  Time 

Figure  5-5  shows  the  circuit  configuration  used  in  the  mechanization  of 
the  acquisition  time  test  for  the  LF198  Sample/Hold  circuit. 

Acquisition  time  is  defined  as  the  time  required  to  acquire  a  new  analog 
output  voltage  to  a  specified  accuracy  with  an  input  step  of  10V.  This 
includes  the  time  required  for  all  internal  nodes  to  settle  so  that  the 
output  assumes  the  proper  value  when  switched  to  the  hold  mode.  The 
X100  error  amplifier  (LF157)  is  configured  differentially  so  as  to 
reflect  the  difference  between  the  input  to  the  device  under  test  and 
its  output.  Applying  a  variable  width  logic  pulse  to  the  Sample/Hold  input 
some  fixed  delay  after  a  10V  step  has  been  applied  to  the  analog  input 
will  cause  the  output  to  assume  some  particular  value.  When  this  value 
is  99.99%  of  the  applied  input  level  (i.e.  1  mV  difference  between  input 
and  output  after  removing  offsets)  the  width  of  the  logic  pulse  is  the 
acquisition  time  of  the  device.  Since  the  droop  of  the  device  is 
relatively  high  at  +l25oC  it  can  be  a  significant  error  factor  in 
attempting  to  make  the  measurement.  To  compensate  for  this  a 
Sample/Hold  device  has  been  added  to  the  adapter  to  facilitate 
acquisition  of  the  error  amplifier  output  as  quickly  after  the  sample  to 
hold  transition  as  possible.  Figure  5-6  depicts  the  relative  timing  of 
the  required  stimulus  signals.  The  automatic  implementation  of  the 
acquisition  time  measurement  is  described  in  the  flow-chart  shown  in 
Figure  5-7.  The  measurement  made  the  first  time  through  the  loop  (i.e. 

M  =  0)  is  the  steady  state  measurement  labeled  Vss.  This  measurement  is 
made  after  applying  a  generous  Sample/Hold  logic  pulse  (PW  =  50.0  usee) 
and  includes  all  offsets  such  as  the  device  DC  offset  and  hold  step 
voltages,  the  DC  offset  of  the  X100  error  amplifier,  and  the  DC  offset 
and  hold  step  voltages  of  the  adapter  Sample/Hold.  This  offset  term 
will  then  be  subtracted  from  each  subsequent  measurement.  The  pulse 
width  (PW)  applied  to  the  mode  control  input  of  the  device  is  decreased 
by  0.1  usee  and  the  procedure  repeated  until  the  error  output  Ve  first 
exceeds  lOOnV  at  which  point  the  pulse  width  is  saved  as  the  acquisition 
time  of  the  device. 
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Figure  5-5.  Acquisition  Time  and  Aperture  Time  Test  Circuit 
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Figure  5-6.  Acquisition  Time  Test  Timing  Diagram 
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Figure  5-7.  Acquisition  Time  Flow  Chart 
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Aperture  Time 


The  aperture  time  measurement  is  accomplished  in  the  same  manner  as 
acquisition  time.  By  definition,  aperture  time  is  the  delay  required 
between  the  "hold"  command  and  an  analog  input  transition,  so  that  the 
transition  does  not  affect  the  held  output.  The  circuit  configuration 
used  to  obtain  an  aperture  time  measurement  is  the  same  as  that  used  for 
acquisition  time  but  the  stimulus  is  different.  By  applying  a  "sample" 
to  "hold"  transition  at  the  mode  input  of  the  device  and  then  applying  a 
10  volt  step  to  the  analog  input  after  some  particular  delay,  the  effect 
on  the  device  output  can  be  monitored  at  the  output  of  the  X100  error 
amplifier.  Figure  5-8  represents  the  required  relative  timing  of  the 
stimulus  to  achieve  these  results.  The  delay,  Del,  is  initially  set  at 
1  usee  to  obtain  the  steady  state  offset  value,  Vss.  Given  a 
sufficiently  wide  delay,  the  output  is  relatively  unaffected  by  the 
analog  step  because  the  device  has  already  achieved  a  "hold"  status 
prior  to  its  application.  This  delay  is  then  decreased  by  5  nsec  each 
time  and  a  measurement  made  until  the  level  on  the  output  exceeds  1  mV 
(0.01%  of  10V).  This  delay  is  then  stored  as  the  aperture  time  of  the 
device.  A  more  detailed  description  of  the  iteration  is  presented  in 
the  aperture  time  flour-chart,  Figure  5-9. 


Bench  Test  Development 


Although  the  main  objective  of  the  characterization  testing  was  to 
develop  automatic  parameter  tests,  a  certain  amount  of  bench  testing  was 
necessary.  Bench  tests  were  used  to  verify  parameter  measurements  made 
on  the  S-3260  and  to  obtain  dynamic  type  data,  which  could  not  be 
readily  automated. 


A  bench  test  circuit  is  shown  ir.  Figure  5-10.  With  SI  in  the  "Normal" 
position,  most  of  the  static  tests  could  be  set  up  to  verify  S-3260  data 
measurements.  With  Si  in  the  "TAQ/TAP"  position  special  input  signals 
could  be  generated  to  implement  the  acquisition  time  and  aperture  time 
tests. 

The  acquisition  time  bench  test  also  used  the  clamped  current  to  voltage 
converter  which  is  shown  separately  in  Figure  5-11  along  with  typical 
test  waveforms.  When  a  10  volt  pulse  is  applied  to  the  DUT  analog  input 
in  the  "sample"  mode,  the  "hold"  capacitor  is  changed  to  the  same 
voltage  after  a  certain  time  delay. 

By  monitoring  the  "hold"  capacitor  current  with  the  I/V  converter  and  an 
oscilloscope,  one  is  able  to  make  a  direct  measuremement  of  acquisition 
time.  In  order  for  the  measurement  to  be  valid  a  number  of  test 
conditions  must  be  established  because  they  all  have  a  direct  bearing  on 
the  resulting  data.  These  conditions  are  as  follows: 

1.  Input  step  ■  10V 

2.  Capacitor  value  ■  .01  uF  +/-  10% 

3.  Settling  error  *  0.01%  of  10V  *  1  iV 
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Figure  5-8.  Aperture  Time  Test  Timing  Diagram 
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Bench  Test  Development  (continued) 


When  the  hold  capacitor  voltage  is  1  mV  from  final  value,  the  charge 
current  is  Ich  =  dV/RSC  ■  1  mV/300.  The  corresponding  I/V  converter 
output  is  eo  “  Rf*Ich  =  (3000)(1  mV/300)  »  10  mV.  Thus  acquisition  time 
to  .01%  is  the  I/V  output  pulse  width  from  the  leading  edge  to  the 
trailing  edge  at  10  mV  from  the  final  "no  current"  value.  It  is 
significant  to  observe  from  the  waveforms  in  Figure  5-11  that  the 
sample/hold  output  settles  long  before  the  "hold”  capacitor  current 
stops  flowing. 

The  aperture  time  bench  test  was  set  up  by  applying  the  signals  shown  in 
Figure  5-12  to  the  DUT.  It  should  be  noticed  that  the  DUT  is  commanded 
to  the  "sample”  mode  when  the  input  Vin  is  at  0V .  Also,  before  Vin  is 
switched  to  10V  or  -10V  the  logic  input  is  switched  to  the  0V  "hold" 
state.  As  long  as  there  is  an  adequate  delay  between  the  sample  to  hold 
transition  and  the  10V  input  step,  no  effect  is  seen  at  the  DUT  output. 
However,  as  the  delay  is  reduced  a  slight  bit  of  input  to  output 
coupling  or  "sampling”  is  eventually  observed.  The  delay  corresponding 
to  one  millivolt  of  sampling  is  the  required  aperture  time.  Application 
of  this  definition  means  that  if  a  large  input  transition  occurs  after 
the  aperture  time  delay  there  will  be  no  disturbance  to  the  "hold" 
output  voltage.  This  is  so  because  the  internal  mode  switching  will 
have  put  the  DUT  in  the  "hold"  mode  before  the  input  transient  is 
applied.  Feedthrough  effects  will  still  occur  long  after  the  aperture 
time  delay.  Hold  mode  settling  time  can  be  measured  along  with  the 
aperture  time  test  since  the  settling  time  interval  follows  the  aperture 
time.  It  is  sufficient,  however,  to  observe  the  output  response  with  an 
oscilloscope  while  grounding  the  analog  input  and  switching  the  logic 
input  from  "sample"  to  "hold".  The  transient  interval  for  the  output  to 
settle  is  the  hold  mode  settling  time.  The  importance  of  this 
specification  is  that  in  an  application  both  the  aperture  time  and 
settling  time  intervals  should  have  expired  before  commanding  an  A/D 
converter  to  begin  a  conversion. 

Bench  tests  were  also  used  to  determine  the  transient  response,  noise, 
and  a.c.  feedthrough  characteristics  of  the  devices. 

The  transient  response  test  is  performed  to  verify  the  stability  of  the 
devices.  Originally,  this  test  was  done  at  zero  input  common  mode 
voltage  (i.e.  with  +/-  Vcc  =  +/-15  V  and  the  input  signal  referenced  to 
ground).  Since  some  devices  tended  to  be  more  unstable  at  the  common 
mode  voltage  extremes  it  was  decided  to  specify  the  test  under  these 
more  comprehensive  conditions.  Characteristically,  there  are  three 
poles  in  the  transfer  function  of  the  sample  and  hold  circuit.  Two  of 
these  poles  are  associated  with  the  I.C.  compound  follower  and  the  third 
dominant  one  is  caused  by  the  "hold"  capacitor  and  the  I.C.  series 
charge  resistance.  The  shape  of  the  transient  response  is  *ffected  by 
these  poles.  Figure  5-13  shows  several  transient  response  waveshapes. 


Manufacturer  B 
=  *01  uF 

Vert:  10  mV/div 
Horiz;  1  us/div 
TR  (OS)  =  6% 

TR  (tr)  =  550  ns 


Manufacturer  C 
=  .01  uF 

Vert:  10  mV/div 
Horiz:  1  us/div 
TR  (OS)  ■  6% 

TR  (tr)  =  80  ns 


Manufacturer  c 
CH  =  .001  uF 
Vert:  10  mV/div 
Horiz;  1  us/div 
TR  (OS)  =  127. 

TR  (tr)  =  80  ns 


Figure  5-13.  LF198  Transient  Response  vs  Manufacturer  and  Hold 

Capacitor  Size. 
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Manufacturer  A 
VCM  =  +  11.5  V 
Cu  =  .001  uF 
Vert;  20  mV/div 
Horiz:  500  ns/di\ 
TR  (OS)  =  187. 

TR  (ts)  =  1.12  us 


*  — 

v 


Manufacturer  A 
VCM  =  -  11.5  V 
CH  ~  .001  uF 
Vert;  20  mV/div 
Horiz;  500  ns/div 
TR  (OS)  =  23% 

TR  (ts)  =  0.52  us 


5-14.  LF198  Transient  Response  vs  Common  Mode  Voltage. 
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Bench  Test  Development  (continued) 


It  can  be  observed  that  each  response  waveshape  has  an  initial  fast 
response  peak  followed  by  a  slower  dominant  response  peak.  Depending  on 
the  sample  and  hold  circuit's  manufactured  design  characteristics,  the 
initial  peak  may  be  below  or  above  the  steady  state  value.  Also  in  some 
designs  this  peak  is  below  0.9  Vss.  For  this  situation  a  conventional 
transient  response  rise  time  measurement  becomes  ambiguous.  This 
problem  was  resolved  by  specifying  settling  time  to  10%  of  final  value, 
TR(ts)  instead  of  rise  time,  TR(tr).  Also,  the  "hold"  capacitor  size 
was  reduced  from  0.01  uF  to  0.001  uF.  Figure  5-19  shows  how  input 
common  mode  voltage  affects  the  response  of  a  typical  device.  An 
interesting  observation  from  this  figure  is  that  although  the  negative 
common  mode  situation  has  the  largest  overshoot,  its  characteristic  is 
more  stable  than  the  positive  common  mode  situation.  According  to  the 
proposed  transient  response  specif ication,  any  high  frequency  ringing 
should  be  over  within  one  microsecond.  On  this  basis  the  device  is 
unstable  at  the  positive  common  mode  condition  but  stable  at  the 
negative  common  mode.  It  should  be  mentioned  that  the  transient  response 
characteristic  is  very  much  dependent  on  capacitive  loading  and  the 
specification  sets  this  at  100  pF. 

The  test  circuit  for  noise  started  out  with  the  SE5534  op  amp  circuit 
shown  in  Figure  5-10.  The  SE5534  is  designed  for  low  noise 
applications.  In  using  this  circuit  to  measure  DUT  (10  Hz  to  10  kHz) 
broadband  noise,  it  was  determined  that  typical  LF198  noise  is  so  low, 
that  an  additional  gain  stage  of  100  V/V  should  be  cascaded  with  the 
existing  100  V/V  stage.  With  this  modification  the  amplified  broadband 
noise  is  of  sufficient  magnitude  to  be  measured  by  a  true  rms  voltmeter 
on  a  100  mV  full  scale  range.  The  noise  amplifier  has  an  effective 
"brickwall"  bandwidth  of  10  Hz  to  10  KHz. 

A.C.  feedthrough  rejection  is  measured  with  a  20  Vpp  sine  wave  at  1  kHz. 
"Hold"  mode  observations  of  typical  devices,  even  at  125°C,  showed  very 
good  rejection  of  the  applied  A.C.  signal.  Typical  output  signals  were 
under  0.5  mVpp.  An  interesting  observation,  however,  is  .hat  when  the 
input  signal  exceeded  the  common  mode  range,  the  feedthrough  would 
increase  dramatically. 

Tester  Correlation 

Considerable  effort  was  expended  to  correlate  all  of  the  measurements. 
Past  experience  has  shown  that  "the  data  looks  good!"  is  a  bad  criteria 
for  certifying  a  measurement  technique  and  the  associated  measuring 
instruments.  For  a  particular  parameter  such  as  feedthrough  rejection 
"good  looking  data"  can  be  good  for  the  wrong  reasons.  If  the  10  volt 
analog  input  signal  is  not  applied  to  the  DUT  because  a  test  relay  is 
not  picked  up,  the  small  "feedthrough"  output  will  look  very  good 
indeed!  This  problem  actually  happened  and  caused  a  first  data  run  to 
be  scrapped. 
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Also  if  a  particular  measurement  is  made  on  the  wrong  range  because  of 
an  auto  ranging  error  it  is  possible  to  have  good  looking  data.  In  this 
latter  situation,  however,  the  real  data  is  literally  buried  in  the  data 
value  that  is  recorded  and  any  resemblence  of  one  to  the  other  is 
coincidental. 

Signetics  Corporation  provided  GEOS  with  two  devices  and  associated 
parameter  data.  These  were  used  as  correlation  standards  to  check  GEOS 
automatic  and  bench  data.  In  most  cases  a  three  point  check  was  made 
and  any  differences  were  resolved  with  another  check.  Much  testing  was 
done  before  the  measurement  system  was  considered  qualified  to  perform 
the  characterization  testing. 

5.4  Test  Results  and  Data 

Thirty-seven  (37)  devices  from  three  manufacturers  were  tested  on  GEOS’ 
Tektronix  S-3270.  Each  device  was  sequentially  tested  at  25°C,  -55°C 
and  125°C.  The  data  was  recorded  in  several  different  forms  as  follows: 

1.  Individual  device  measurements  at  all  temperatures. 

2.  Ten  device  groups  of  data  at  each  temperature. 

3.  Parameter  histograms  at  each  temperature. 

This  144  page  collection  of  data  was  published  in  September  1980  for 
RADC  and  the  JC-41  Committee  in  a  handbook  entitled: 

Characterization  Data  for  MIL-M-38510/125 
Sample  and  Hold  Circuits  (LF198  &  SE5537) 

Selected  data  sheets  are  shown  in  this  report  as  follows: 

Table  5-5.  Typical  Mfr.  Code  A  Device  Data  Sheet* 

Table  5-7.  Typical  Mfr.  Code  A  Device  Data  Sheet.* 

Table  5-8.  Typical  Mfr.  Code  A  Device  Data  Sheet.* 

Table  5-9.  Typical  Mfr.  Code  B  Device  Data  Sheet.* 

Table  5-10.  Typical  Mfr.  Code  B  Device  Data  Sheet.* 

Table  5-11.  Typical  Mfr.  Code  B  Device  Data  Sheet.* 

Table  5-12.  Typical  Mfr.  Code  C  Device  Data  Sheet.* 

Table  5-13.  Typical  Mfr.  Code  C  Device  Data  Sheet.* 

Table  5-14.  Typical  Mfr.  Code  C  Device  Data  Sheet.* 
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Table  5-15.  Mfr.  Code  A  Devices  at  25°C.* 

Table  5-16.  Mfr.  Code  B  Devices  at  25°C. 

Table  5-17.  Mfr.  Code  C  Devices  at  25°C.* 

Table  5-18.  Mfr.  Code  A  Devices  at  125°C.* 

Table  5-19.  Mfr.  Code  B  Devices  at  125°C.* 

Table  5-20.  Mfr.  Code  C  Devices  at  125°C.* 

Table  5-21.  Mfr.  Code  A  Devices  at  -55°C.* 

Table  5-22.  Mfr.  Code  B  Devices  at  -55°C.* 

Table  5-23.  Mfr.  Code  C  Devices  at  -55°C.* 

*  This  data  sheet  is  contained  in  the  Appendix. 

Selected  parameter  histograms  are  shown  as  follows: 

Figure  5-15.  Offset  Voltage  at  25°C. 

Figure  5-16.  Gain  Error  at  25°C. 

Figure  5-17.  Feedthrough  Rejection  at  25°C. 

Figure  5-18.  Hold  Capacitor  Leakage  Current  at  25°C. 

Figure  5-19.  Acquisition  Time  at  25°C. 

Figure  5-20.  Aperture  Time  at  25°C. 

Bench  data  is  tabulated  as  follows: 

Table  5-24.  Transient  Response  Data.* 

Table  5-25.  Broadband  Noise  Data.* 

Table  5-26.  Hold  Mode  Settling  Time  Data.* 

All  of  the  automatic  and  bench  data  is  summarized  in  the  bar  graphs  of 
Table  5-6.  This  last  table  is  very  convenient  for  comparing  the  data 
distributions  to  the  initial  limits  recommended  by  the  JC-41  Committee. 
Potential  problem  areas  can  then  be  examined  in  more  detail  on  the 
Individual  parameter  histograms. 


5.5  Discussion  of  Data 


The  characterization  data  was  carefully  reviewed  to  determine  how  well 
it  complies  to  the  proposed  JC-41  limits.  The  following  discussion 
seeks  to  explain  on  a  parameter  by  parameter  basis  the  characteristics 
of  the  LF198  and  SE5537  Sample  and  Hold  circuits.  Table  5-26  shows  the 
relationship  between  the  data  and  the  initial  limits. 

Limit  changes  were  recommended  even  though  this  statistical  sample 
of  37  parts  from  three  manufacturers  is  very  small.  These  proposed 
limits  are  shown  in  MIL-M-38510/125  Table  I  at  the  end  of  this  report. 

Input  Offset  Voltage  (VIO) 

VIO  data  for  all  vendors  is  well  behaved.  Distributions  are  normal 
for  all  common  mode  values  over  the  full  military  temperature  range. 

All  data  is  well  within  the  proposed  limits  of  +  3  mV  and  +  5  mV 
at  25°C  and  -55°C/125°C  respectively.  No  limit  change  is  recommended. 

Input  Bias  Current  (IIB) 

The  input  bias  currents  for  all  vendors  are  relatively  unaffected  by 
changes  in  common  mode  conditions  and  are  distributed  reasonably  well 
over  the  common  mode  range.  Magnitudes  of  IIB  over  the  military 
temperature  range  are  well  within  the  specified  limits,  therefore,  no 
limit  changes  are  recommended.  IIB  current  decreases  with  increasing 
temperature  because  the  input  transistor  current  gain  goes  up  at 
approximately  0.3%/°C  while  the  quiescent  collector  current  is  held 
constant  by  the  input  stage  constant  current  source. 

Input  Impedance  (Zi) 

Input  impedance  is  not  a  directly  measured  parameter  but  is  derived 
as  dVcm/dllB.  Zi  is  therefore  distributed  over  temperature  in  the 
same  manner  as  IIB.  Large  leakage  currents  swamping  out  the  input 
bias  currents  at  +  125°C  account  for  the  distribution  crowding  the 
specified  minimum  limit  at  that  temperature  but  no  limit  change  is 
recommended. 

Output  Impedance  (Zo) 

The  distribution  of  output  impedance  data  is  relatively  normal 
throughout  the  military  temperature  range  and  all  data  are  well  within 
specified  limits.  Temperature  extremes  (i.e.  -55°C  and  +  123°C) 
affect  the  distribution  of  this  parameter  very  slightly. 
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Series  Charge  Resistance  (Rsc ) 

Data  distributions  for  series  charge  resistance  are  divided  into  two 
distinct  groups.  Vendor  groups  A  and  C  are  distributed  around  the 
nominal  300  ohm  value  whereas  Vendor  group  B  is  distributed  around 
150  ohms.  Data  distributions  are  relatively  unaffected  by  temperature 
with  the  exception  of  an  approximate  0.5  ohm/°C  shift  with 
temperature,  (i.e.  Rsc  is  directly  proportional  to  temperature.) 

All  values  fall  well  within  the  specified  limits. 

Gain  Error  (Ae) 

Since  the  gain  error  distribution  shows  only  negative  values, 
it  appears  that  loop  gain  is  more  dominant  than  common  mode  rejection 
in  the  quality  of  this  parameter.  The  gain  error  from  unity  is 
excellent  for  these  devices. 

Offset  Voltage  Adjustment  (VIO-ADJ(+),  VIO-ADJ(-) ) 

VI0-ADJ(+)  presents  a  fairly  normal  distribution  over  the  full 
temperature  range  and  at  +  25°C  the  mean  falls  at  approximately  the 
middle  of  the  6  mV  to  30  mV  limit  range.  VIO-ADJ(-)  on  the  other 
hand  displays  a  wide,  almost  random  distribution  that  distinguishes 
between  at  least  two  vendor  types.  Vendor  Code  C  devices  fall  around 
the  -  6  mV  upper  limit.  Since  this  condition  can  be  remedied  by  minor 
adjustments  to  the  VIO-ADJ  Network,  limit  changes  as  a  means  of 
correcting  this  marginal  condition  are  not  recommended. 

Power  Supply  Rejection  Ratio  (+PSRR,  -PSRR) 

Power  supply  rejection  ratio  for  all  vendors  exceed  the  minimum 
specified  limit  over  the  full  military  temperature  range. 

-PSRR  tended  to  be  higher,  in  general,  than  +PSRR. 

Feedthrough  Rejection  Ratio  (FRR) 

Feedthrough  rejection  data  for  all  transitions  are  represented  by 
relatively  normal  distributions.  The  mean  value  for  all  devices  is 
approximately  92  dB  as  an  average.  As  was  confirmed  during  the 
correlation  procedure  temperature  has  essentially  no  effect  on  the 
data  since  feedthrough  is  a  function  of  the  capacitive  coupling 
between  the  input  and  the  hold  capacitor.  The  data  is  stable  and 
meets  the  minimum  specified  limits.  The  step  input  used  has  been 
reduced  from  a  15  V  step  to  an  11.5  V  step  in  order  to  be  within  the 
common  mode  voltage  range  of  the  device. 
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Hold  Step  Voltage  (Vhs) 


This  parameter  was  measured  at  both  common  mode  voltage  extremes. 
Although  most  of  the  data  Is  within  the  specified  limits,  the 
distribution  tends  to  be  negative.  Hold  step  is  also  sensitive  to 
parasitic  capacitive  coupling. 

Supply  Current  (Icc) 

Supply  current  data  is  split  into  two  distinct  groups  with  vendor 
codes  A  and  B  together  and  vendor  code  C  about  1  mA  higher  over  the 
full  military  temperature  range.  The  reason  for  this  is  that  vendor 
code  C  contained  samples  of  SE5537s  which  are  designed  to  drive  a 
2  K.  ohm  load.  A  limit  change  has  been  proposed  to  account  for  this 
difference  in  device  characteristics. 

Logic  Input  Leakage  CurrenllH,  11L) 

Even  though  all  of  the  data  is  much  less  than  the  specified  limits, 
the  only  recommended  change  is  to  use  the  initial  25°C  limits 
over  the  full  temperature  range. 

Output  Short  Circuit  Current  (Ios(+),  Ios(-)) 

As  with  supply  current,  the  output  short  circuit  current  of  the  SE5537s 
was  greater  than  that  for  the  LF198's.  In  order  to  have  the  limits 
reflect  the  device  characteristics,  higher  limit  values  have  been 
proposed.  Also  the  SE5537’s  limits  are  specified  separately. 

Hold  Capacitor  Leakage  Current  (IHL(+),  IHL(-)) 

Hold  capacitor  leakage  currents  were  measured  at  both  common  mode 
extremes  (+  11.5V)  as  IHL(+)  and  IHL(-).  These  leakage  currents 
are  due  to  the  FET  input  on  the  final  stage  of  the  device.  Data 
distributions  were  relatively  normal  and  are  well  within  specified 
limits. 

One  of  the  weakest  features  of  the  LF198  is  that  in  going  from  25°C 
to  125°C,  the  leakage  current  can  theoretically  increase  a  thousand 
fold. 

(i.e.  I(125°C)  =  I (25°C)  *  2  exp( (125-25)/10)  =  I(25°C)  *  1000) 

This  means  that  at  elevated  temperatures  "hold"  data  is  much  more 
volatile.  Consequently,  A/D  conversion  of  this  data  voltage  must 
be  proportionally  quicker. 


Hold  Capacitor  Charge  Current  (ICH(+),  ICH(-)) 


Since  hold  capacitor  charge  current  is  largely  a  function  of  the 
series  charge  resistance  of  the  device,  the  data  distributions  for 
ICH(+)  and  ICH(-)  were  divided  into  two  distinct  vendor  groups  as 
was  the  Rsc  data.  Vendor  Code  B  which  had  nominal  Rsc  values  of 
approximately  150  ohms  displayed  the  largest  charge  currents.  These 
were  typically  around  8  to  10  mA  whereas  vendor  codes  A  and  C  were 
around  4  to  7  mA. 

In  testing  the  devices  a  ten  milliampere  full-scale  range  was 
considered  reasonable  for  the  3  milliampere  maximum  limit. 
■Nevertheless,  several  devices  had  sufficient  charge  current  to 
saturate  the  meter  with  readings  of  10.2  mA.  No  limit  change  was 
recommended  because  the  weaker  devices  need  the  established  limits. 

Logic  Threshold  Voltage  (VTH) 

The  operating  mode  (sample  or  hold)  for  a  device  is  determined  by  the 
logic  inj.ut  voltage  and  its  relationship  to  the  logic  threshold 
voltage.  In  characterizing  the  LF198,  the  exact  threshold  was 
determined  on  an  iterative  basis  by  finding  the  logic  input  level 
at  which  hold  capacitor  leakage  current  changed  to  charge  current. 

The  resulting  logic  threshold  voltage  varies  with  temperature  such 
that  at  -55°C  it  is  typically  at  1.6  V  and  at  125°C  it  is  0.85V. 
Although  no  failures  were  observed,  the  125°C  test  is  the  closest  to 
the  TTL  compatible  logic  level  limit  of  VIL(max)  =  0.8V. 

Acquisition  time  ftaq) 

Data  distributions  of  acquisition  time  measurements  reveal  a  distinct 
division  between  Vendor  Code  B  and  Vendor  Codes  A  and  C.  Acquisition 
times  for  devices  of  Vendor  Code  B  are  typically  12  to  16  usee  at 
25°C,  whereas  those  of  Vendor  Codes  A  and  C  have  a  mean  of 
approximately  21  usee. 

Although  acquisition  time  is  a  dynamic  parameter  which  is  rather 
difficult  to  measure  on  an  automatic  test  basis,  it  closely 
correlates  with  two  simple  static  parameters.  Both  hold  capacitor 
charge  current  and  series  charge  resistance  have  a  direct  effect  on 
'acquisition  time.  The  slew  rate  interval  of  acquisition  is  reduced 
with  increased  charge  current.  In  the  same  way  lower  series  charge 
resistance  speeds  up  the  final  settling  interval  of  acquisition  time. 
Data  for  all  transitions  are  within  the  specified  limits  at  25°C. 
Although  no  limits  are  specified  over  the  military  temperature 
range,  the  trend  is  for  acquisition  times  to  increase  with  increasing 
temperature.  This  is  due  in  part  to  the  increase  in  series  charge 
resistance  with  temperature. 


Aperture  time  (tap) 

Aperture  time  data  for  positive  transitions  (i.e.  OV  to  10V  and 
-10V  to  OV)  were  normally  distributed  and  fell  within  specified  limits 
at  25°C.  The  negative  transitions,  however,  exhibited  a  high 
percentage  of  failures  against  the  200  nanosecond  maximum  limit.  It 
was  necessary  to  increase  the  limit  to  300  nanoseconds  in  order  to 
have  reasonable  test  yields.  Although  aperture  time  is  not  specified 
over  the  military  temperature  range,  observations  show  that  at  125°C 
typical  data  values  are  100  to  150  nanoseconds  longer  than  the 
corresponding  25°C  values.  At  -55°C,  aperture  time  values  were 
typically  shorter  than  at  25°C  by  75  to  125  nanoseconds. 

Transient  Response  Overshoot  (TR(OS)) 

There  were  no  observed  failures  of  this  parameter.  However, 
manufacturer  code  A  devices  were  considerably  more  sensitive 
to  capacitive  loading  than  devices  from  the  other  two  manufacturers. 

Transient  Response  Settling  Time  (TR(ts)) 

No  specification  change  was  recommended  eventhough  the  data  suggests 
that  a  tightening  of  the  maximum  limit  from  2.5  microseconds  to 
2.0  microseconds  could  be  tolerated. 

Noise  (en) 

All  of  the  devices  had  very  low  broadband  noise  in  both  the  "sample" 
and  "hold"  modes. 

Settling  Time  (ts) 

"Hold"  mode  settling  time  of  all  the  devices  was  well  within  the 
1.5  microsecond  (max)  limits. 

5.6  Slash  Sheet  Development 

M1L-M-38510/125  was  the  first  slash  sheet  to  be  written  for  Sample  and 
Hold  circuits.  New  parameters  and  test  conditions  had  to  be  defined 
for  this  slash  sheet.  Most  of  the  original  ideas  on  parameters  and 
how  to  test  them  came  from  Carl  Nelson,  the  designer  of  the  LF198  at 
National  Semiconductor  Corp. 

Development  of  the  slash  sheet  closely  followed  the  characterization 
effort,  such  that  changes  to  either  could  be  factored  into  the  other. 
Many  subtle  problems  arose  and  had  to  be  solved.  MIL-M-38510/125  was 
developed  using  the  most  comprehensive  and  efficient  test  methods, 
which  could  be  mustered.  An  on-going  dialogue  was  maintained  with 
all  of  the  manufacturers  during  this  development. 

Some  parameters  and  the  format  of  the  specification  are  similar  to 
those  in  the  Bi-FET  op  amp  slash  sheets. 
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7  Conclusions  and  Recommendations 

A  characterization  study  was  conducted  on  a  sample  of  LF198  and  SE5S37 
devices  from  three  manufacturers.  Although  the  original  data  base 
contained  over  60  devices  during  the  test  development  phase,  37 
devices  were  used  for  the  final  statistical  data  base.  The  reason  for 
the  reduced  data  base  was  to  have  equal  manufacturer  representation 
in  the  sample. 

The  results  of  the  characterization  study  were  incorporated  into 
MIL-M-38510/125.  Both  the  data  handbook  and  the  revised  version  of 
the  slash  sheet  were  presented  to  RADC  and  the  manufacturer 
representatives  at  a  JC-41  meeting  in  Burlington,  Mass  on  Oct.  7,  1980. 
It  is  recommended  that  MIL-M-38510/125  be  accepted  by  RADC  and  the 
manufacturers.  Table  I  of  MIL-M-38510/125  concludes  this  report 
section. 

The  LF198  Sample  and  Hold  circuits  have  many  excellent  features, 
which  should  make  them  useful  and  cost  effective  in  a  variety  of 
applications . 
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Table  5-5.  Typical  Mfr.  Code  A  Device  Data  Sheet. 
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NOTES 1 1 . ZERO  (•)  IN  UMTS  COLUMN  MEANS  NO  UNIT. IT  CAN  SC  INTERPRETED  AS  A  DASH  (- 


VALUE  AT  4  FROM  ALL198.L0G:SH0  07:32:33  29  SEP  80 
VlO<  +CM )  AT  3.5V.-26.SV  DEVICE  TYPES  MIL/12S-01,  02 


-4.000  0.000  4.000 

MO  «+25  DEG  C 
DISPLAY 

LOU  VALUE  «  -1.550103  HIGH  VALUE  ■  1.688250  SAMPLES  -  37 

TOTAL 

LOU  VALUE  •  -1.5S0103  HIGH  VALUE  ■  I.S88250  SAMPLES  •  37 

VALUE  AT  4  FROM  ALL198.L0G:SH0  07:32:59  29  SEP  80 
VIO(-CM)  AT  26. 5V, -3.5V  DEVICE  TYPES  M1L/125-01,  02 


4,000  '  0.000  4.000 


LIMIT 


MV  0+25  DEG  C 
DISPLAY 


LOU 

VALUE  ■  -1.159703 

HIGH  VALUE  * 
TOTAL 

2.033400 

SAMPLES  • 

37 

LOU 

VALUE  «  -1.159703 

HIGH  VALUE  • 

2.033400 

SAMPLES  - 

37 

Figure  5-15.  Offset  Voltage  at  25#c 
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VALUE  AT  4  FRO*  AU193.LOr.tSHO  09t29tl8  29  SEA  M 
GAIN  ERROR  (♦/-  11. SU  CM)  DEVICE  TYPES  NIL/12S-*!.  92 


LOU  VALUE  «  -4.889131M 
LOU  VALUE  '  -4.889131M 


*  €+25  DEG  C 
DISPLAV 

HIGH  VALUE  *  -1.02I739M 
TOTAL 

HIGH  VALUE  •  -1.02173911 


SAMPLES  ■ 
SAMPLES  - 


37 

37 


UALUE  AT  4  FROM  ALL198. LOGtSHV  0?t33:33  29  SEP  80 

GAIN  ERROR  (+/-  2.0V  CM)  DEVICE  TVPES  MIL/125-01.  02 


-15.O0M  -5.000M  5.000M  15.0OM 

*  €+25  DEG  C 


•  U15PLHY 

LOU  VALUE  •  -16.25000M  HIGH  VALUE  •  -4.500002M  SAMPLES  •  36 

TOTAL 

lay.M&UE  •  -151.1250M  HIGH  VALUE  >  -4.500002M  SAMPLES  «  37 


Figure  5-16.  Gain  Error  at  25 *C 
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VALUE  AT  4  FROM  ALL198.LOG*SHO 
FEEDTHROUGH  REJ  (GO  TO  +11. Si*  STEP) 


09*38*42  29  SEP  00 
DEVICE  TYPES  HI l' 125-91,  02 


r 

; 

r - - - 

r 

1 

L 

1 

] 

r 

.00 

60. 

80. 

00 

00 

100 

120 

.0 

.0 

140 

160 

.0 

LIMIT 


LOU  VALUE 
LOU  <»AIUF 


83.11586 

83.11586 


dB  0+25  DEG  C 
DISPLAY 
HIGH  VALUE  • 
TOTAL 
HIGH  VALUE  • 


100.346? 
) 00 . 3467 


SAMPLES  • 
SAMPLES  • 


VALUE  AT  4  FROM  ftiLlS8.L0G*SHO 
FEEDTHROUGH  REJ  <0V  TO  -U.SV  STEP) 

86.00 


0!r>39t42  29  SEP  80 
DEVICE  TYPES  MR/12S-01.  02 

140.0 


37 

37 

LIMIT 


0 

40.00 

LOU  VALUE 
LOU  VALUE 


80.00  1  120.0  1  160.0 
60.00  100.0  140.0 

dB  0+25  DEG  C 
DISPLAY 

67.49465  HIGH  VALUE  -  101.9856  SAMPLES  •  37 

TOTAL 

67.49465  HIGH  VALUE  ■  101.9856  SAMPLES  ’  37 


Figure  5-17.  Feedthrough  Rejection  at  25*C 
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VALUE  AT  4  PROm  ALL1SS.L0G:SH0  d7:A6H A  29  SEP  20 

HOLD  CAPACITOR  LEAKAGE  CURRENT  <IHL+)  DEVICE  TYPES  MIl/125-01, 


LIMIT 


PA  §+25  DEG  C 
DISPLAY 

LOU  UALUE  •  -50.50000  HIGH  VALUE  •  7.500000  SAMPLES  ■  36 

TOTAL 

LOU  VALUE  -  -1.61R500K  HIGH  UALUE  •  7.500000  SAMPLES  *  37 

UALUt  hi  A  FROM  ALL138. LOG.'SHO  07:45:39  23  SEP  80 

HOLD  CAPACITOR  LEAKAGE  CURRENT  (IHL-)  DEVICE  TYPES  Ml L/125-01 , 


LIMIT 


PA  9+25  DEG  C 
DISPLAY 


LOU 

VALUE  ■ 

-27.00001 

HIGH 

VALUE  * 
TOTAL 

30.40000 

SAMPLES  • 

36 

LOU 

VALUE  ■ 

-135.5000 

HIGH 

VALUE  • 

30.40000 

SAMPLES  « 

37 

Figure  5-18.  Hold  Capacitor  Leakage  Current  at  25°C 

V-  38 


l 


/ 


JFLUE  AT  4  FROM  ALL193.L3G:£HO  O'* :  43: 22  29  SEr  80 

TAG(UIN*0U  TO  190  STEP)  MIL'125-01,02 


LIMIT 


DISPLAY 

LOU  UALUE  •  11.39974  HIGH  UALUE  ■  29.69985  SAMPLES  * 

TOTAL 

LOU  UALUE  •  11.39974  HIGH  UALUE  *  29.69985  SAMPLES  = 

UALUE  AT  4  FROM  AlLISs . LOGsSHO  07:49:39  29  -E3  ::.il 

TAQ(UIN*10U  TO  0U  STEP)  I1IL' 12S-01 ,02 


25.00 


37 

37 


0.000 


LOU  UALUE 
LOU  UALUE 


LIMIT 


10.00  '  20.00 

S.000  15.00  25.00 

USEC  <425  DEG  C 
DISPLAY 

11.89974  HIGH  UALUE  •  29.79985 

TOTAL 

11.89974  HIGH  UALUE  •  29.79985 


30.00 


SAMPLES 

SAMPLES 


35.00 


37 

37 


Figure  5-19.  Acquisition  Time  at  25°C 
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unit 


UALUE  AT  4  -ROM  ALLl92.L0GiSH0  07:50:30  39  --ZP  ?0 

TAP(U1N*0U  TO  -10U  STEP)  1111/125-01,02 


LOU  UALUE  •  49.99972 

LOU  UALUE  *  49.99972 


DISPLAY 

HIGH  UALUE  •  229.9998  SAMPLES 

TOTAL 

HIGH  UAIUE  •  319.9998  SAMPLES 


UAUJE  AT  4  FROM  ALL192.L0G:SH0  07:50:56  29  SEP  80 

TAP(UIM*-10U  TO  0'J  STEP)  1111/125-01, 02 


1 


.000 


200.0 


36 

37 

LIMIT 


1 

in 

000 

50. 

100 

00 

.0 

!  206 
1S0.0 

1.0 

250 

NSEC  0+25  DEG  C 
DISPLAY 

LOU  UAIUE  ■  74.99972  HIGH  UALUE  •  154.9997  SAMPLES 

TOTAL 

LOU  UALUE  •  74.99972  HIGH  UALUE  •  1 54. 9997  SAMPLES 

Figure  5-20.  Aperture  Tine  at  25*C 
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Table  5-6  .  LF198  Sample  and  Hold  Data  Distribution  vs.  Limits 


PARAMETER 
(±  Vcc  ■  i  15  V, 

-  55° C  <  TA  ^  125°C) 

INPUT  OFFSET  VOLTAGE  @  25° C 
(ImV/div) 

INPUT  OFFSET  VOLTAGE 
(lmV/div) 


Avio/A  t 

(5uV°/C/div) 


INPUT  BIAS  CURRENT  @  25°  C 
(25nA/d Iv) 


INPUT  BIAS  CURRENT 
(25nA/div) 


INPUT  IMPEDANCE  @  25°C 
(20G-ft-/div 


INPUT  IMPEDANCE 
(20G-A-/div) 


OUTPUT  IMPEDANCE  @  25° C 

(0.5-/Wdiv) 


OUTPUT  IMPEDANCE 
(0.5-/Vdiv) 


SERIES  CHARGE  RESISTANCE 

(Sfl-ftVdlv) 


GAIN  ERROR  @  Vin  -  ±  11.5  V,  25cC 
(0.jX>J2X/<Hv) 


GAIN  ERROR  @  Vin  -  ±  11.5  V 
(Q. 005%/d  lv) 
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Table  5- 6  .  LF198  Sample  and  Hold  Data  Distribution  vs.  Limits 


CAIN  ERROR  @  Vcc  =  ±  5V,  25°  C 
(0.017./dlv) 


GAIN  ERROR  @  Vcc  =  ±  5V 

(0.01%/d iv) 


OFFSET  VOLTAGE  ADJ.  <+) 
(SmV/dlv) 


OFFSET  VOLTAGE  ADJ.  (-) 
(SnsW/dlv) 


POWER  SUPPLY  REJ.  RATIO  (+  PSRR) 

(lOdB/div) 


POWER  SUPPLY  REJ.  RATIO  (-  PSRR) 
(lOdB/dlv) 


FEEDTHROUGH  REJ.  RATIO  @  25° C 
(lOdB/div) 


FEEDTHROUGH  REJ.  RATIO 
(lOdB/div) 


HOLD  STEP  (V^,  V^.)  @  25°C 
(lmV/div) 


HOLD  STEP  (VHS+,  Vhs-) 
(lmV/div) 


SUPPLY  CURRENT  @  25° C  TO  125° C 
(O.SnA/div) 


SUPPLY  CURRENT  Q  -  55°C 
O.SnA/dlv) 
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r 


1 


r 


Table  5-6.  LF198  Samp le  and  Hold  Data  Distribution  vs.  Limits. 

PARAKTTER 
(±  Vet  -  ±  ,5  V, 

-  55° C  4TA<  125°0 

LOGIC  INPUT  CURRENT -HI,  25° C 

LOGIC  INPUT  CURRENT-HI 
(2^/dlv) 


LO-LIMIT  77  DATA  '  /  h 

4 _ 1 +J.jLLL 

1  h  \  t 


HI-LIMTT 


r-Q . 

253 


10 1 
t 

2<h 


10 


4 - i - 1 - 1 - 1 - (- 


LOGIC  INPUT  CURRENT -LO,  25°C 

(0 . 5piA/d Iv) 


LOGIC  INPUT  CURRENT -LO 

(l>«A/dlv) 


(uA) 

4  *" - ( - I  f-  —  4*  —  4- 


H - 1 - (. 


+ - h 


r  -3  3 

H  (UA)  I 

- 1 - , - 4U..+  4-4 


l  -  + 


_  -20 


OUTPUT  SHORT  CIRCUIT  CURRENT 
(2mA/dlv) 


(+)  /KmihuJ^://,  „ 

20  ° 


OUTPUT  SHORT  CIRCUIT  CURRENT  (-) 
(2mA/d iv) 


HOLD  MODE  LEAKAGE,  Tj  =  25° C 
(20pA/d Iv) 


HOLD  MODE  LEAKAGE,  Tj  =  125° C 
(20pA/dlv) 


CH  CHARGE  CURRENT  (+)  ,  25°  C 
(lmA/dlv) 


CH  CHARGE  CURRENT  (+) 
(lmA/dlv) 


Ch  CHARGE  CURRENT  (-)  ,  25°  C 
(lmA/dlv) 


CH  CHARGE  CURRENT  (-) 
(ImA/d iv) 


jmnjTTBim  , . 

—  -100  _  100 

-60  //A pW///A  40 

—4 - t-I  4/  '  \  -L4-J  y  L..f  -  + - ^  _ 


-100 

-60 

— 1 - 1 - * - »- 


a 


100 

(nA)  40 

4 - 1 - 1 - 1 — 


-3 


-W7\  //<*>/, 

m'-mJ — t—  / 


-l 

-t — i — i 


-2  n 


- 1 


r 3 

1  2  i 

-4 - 1 - 1 - f 


ha.  i Tj^n 


wnMium 
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Table  5-6.  LF198  Sample  and  Hold  Data  Distribution  vs.  Limits 


PARAMETER 
(±  Vcc  =  ±  15  V, 

-  55°C  <  TA  ±  125° C 

LOGIC  THRESHOLD 
(0.2V/div) 


ACQUISITION  TIME,  25° C 
(5^s/div) 


ACQUISITION  TIME 
(NOT  SPEC.  @  -  55/ 125° C) 
(5jis/d  iv) 


APERTURE  TIME,  25°C 
(50ns /div) 


APERTURE  TIME 
(NOT  SPEC.  @  -  55/ 125° C) 

(50n8/div) 

TRANSIENT  RESPONSE  OVERSHOOT,  25°C 
(57. /div’) 

TRANSIENT  RESPONSE  TR(ts)  ,  25°C 
(  .4us/div0 

NOISE  (SAMPLE  &  HOLD),  25° C 
(tyV/div)  BW  =  1QKHz 

SETTLING  TIME,  25° C 
(0.2^8 /div) 


ectrlcal  performance  char acter 1 st i cs  U 


Electrical  performance  character  I st I cs  U 
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ransient  8/  TR(0S)  Vin  =  100  mV  step,  CH  =  1000  pF,  T.  =  25°C 

esponse  =  10K  ,  CL  =  100  pF 

Overshoot)  See  Figure  17 


Electrical  performance  characteristics 
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Abbreviations,  symbols,  and  definitions.  Abbreviations,  symbols,  and  definitions 

used  herein  are  defined  in  MIL-M-38510  and  MIL-STD-1331,  and  as  follows: 

a.  Input  offset  voltage  -  Vio*  The  "sample"  mode  output  to  input  D.C.  voltage 
tor  any- rated  common  mode'voltage  condition. 

b.  Input  bias  current  -  The  current  flowing  into  the  signal  input  for 

any  rated  common  mode  voltage  condition. 

c.  Gain  error  -  Ae.  The  ratio  of  "sample"  mode  output  voltage  swing  to  input 
common  mode  voltage  swing  expressed  in  percent.  To  the  user  this  can  be 
interpreted  as  the  percentage  deviation  from  unity  gain. 

d.  common  mode  voltage  -  yem.  The  voltage  of  the  input  terminal  with  respect 
to  a  voltage  midway  between  +  Vcc  and  -  vCc* 

e.  power  supply  rejection  ratio  -  +  PSRR,  -  PSSR.  The  ratio  in  dB  of  the 
change  in  +VCc  or  ~  Vcc  voltage  to  the  change  in  offset  voltage  measured 
at  the  output  with  the  opposite  -  Vcc  or  +  VCc  voltage  held  constant. 

f.  Feedthrough  rejection  ratio  -  FRR.  The  ratio  in  dB  of  an  input  voltage 
change  to  a  "hold"  mode  output  voltage  change. 

g.  "Hold"  step  -  Vug.  The  output  voltage  change  with  a  fixed  input  voltage 
wheti  the  device  is  switched  from  "sample"  to  "hold"  mode  with  a  4  V  logic 
signal. 

h.  Logic  input  correct  -  Ijh,  Iil*  The  current  into  a  mode  control  input  for 

a  forward  bias  (high  state),  IjH,  condition  or  a  below  threshold  (low  state), 
IlL>  condition. 

i. .  Output  short  circuit  current  -  Ios(+)»  IOS (-) •  The  "sample"  mode  output 

short  circuit  current  to  ground  with  +  lu  v  and  -  10  V  applied  at  the 
input  for  Ios  (+)  and  Ios(-)  respectively. 

j.  Hold  mode  leakage  current  -  lHL(+)»  *HL(-)*  The  input  bias  current  of  the 
output  butter  amplitier.  this  leakage  current  causes  a  droop  rate  error 
of  the  external  hold  capacitor. 

k.  Hold  capacitor  charge  current  -  IcH(+),  ICH(-)*  The  current  that  the  input 
ampiirier  can  suppTy  CO  Charge  lip  Efte  ftoifl  capacitor. 

l.  Acquisition  time  -  taq«  The  time,  in  terms  of  minimum  sample  pulse  width, 
that  is  required  tor  the  device  to  acquire  a  10  Volt  full  scale  change  to 
within  a  specified  error  band  of  final  value  for  a  specified  hold  capacitor 
a  lze . 

m.  Aperture  time  -  tap.  The  delay  required  between  the  "hold"  command 
and  a  J.0  v  input  signal  transition  such  that  the  resulting  output 
change  is  less  than  1  mV. 

n.  Hold  settling  time  -  t3.  The  time  required  for  the  output  to  settle 
witnin  i  mV  ot  tinai  value  after  the  "hold"  command  is  given. 

o.  Dynamic  sampling  error  -  DSE.  The  error  introduced  into  the  held 
output  due  to  a  changing  analog  input  when  the  "hold"  command  is 
given.  This  error  is  proportional  to  the  product  of  input  signal 
slew  rate,  hold  capacitance  and  the  series  charge  resistor. 
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Abbreviations,  symbols,  and  definitions,  (continued) 


P*  Transient  response  (settling  time)  -  TR(t8) .  The  small  signal  time 
interval  trom  the  application  ot  a  100  mV  pulse  to  the  time  when  the 
output  enters  and  remains  within  107.  of  its  final  value. 

Transient  response  (overshoot)  -  TR(OS') .  The  percentage  ratio  of 
signal  overshoot  to  the  100  mV  final  value.  This  parameter  is  related 
to  circuit  phase  margin  and  stability. 

r*  Noise  "  6n »  en 00  «  The  total  rms  noise  of  the  device  that  exists 
within  a  ID  hz  to  10  kHz  "brickwall"  bandwidth.  Both  "saddle”  mode, 
en(s) »  and  "hold"  mode,  en(H),  specifications  exist. 


SECTION  V 
APPENDIX 

sample/hold  circuits 
MIL-M- 38510/125 


V-51 


l 


o 


oooo  ooou 


iiiii  s  mu  §3 


yy y m  y y y y 

a  i  55ii  ittiti  3  ssls  liss 


riSSSSS  ^  *Sj  ®*  ssssss  St  5  ^22  Kti*i  *  2!!2  tttt 

•~>  ia  u»  ut  ut  ut  #8  £££££  t/tVtft  oi^  mt®  njrvnjnjru*  u>u>  u*  SSmn  «  A)  ~*  •*<!)•«  ft)  3333  3333 


<J  C  c  CC  CC  yw  c 

ur<to»  -moot/*  r*  r-<£oaoao  «-•  •  •  is  la  -.co  *  •omo^oi  rutp  u>  •  •••  jn/iSrtiiiw  •  •••«  •  •  •  • 

Lfl  ft »0tmt0At  ft-®/ u  CO  *  •  CO  00  A)  •  •  -  •  ft)*  *  LALftAJUt  ton  •  *nA  •  «  *  •  • 

«  . . •  .*ft.  •  nj  o»  •  ®**cufs-r^<o  •  •  •  r-ru  -  •  *  * n m  •  •  u>  «•••  vSfa 

la  o  —  o r>  hmomh  nru n  ▼  *-•  -« r-  -<oiooooo>  **  a»  ▼  t0n«*n  u>o>  •-.••▼ft-  m  filouiA 

nj  iiiii  .  •  •  . 


risssss  m.  ss.  ^  is  t  isis  *s^;s  w  mt  ms 

. . .  tftlAUtUlUt  •  •$  Oft  '•  oooooo  •  •  •  ♦  •  •••«  •  f  ....  *  *  *  • 

^  oiftuimi/u/)  ft)  r^r>Nft-ft-  -*®-t  ft)*-  ton  oooo  oooo  oooo  u>u>  ®  oonn  fti«->w«-tru  »  **•*  *••* 


tn  uunt/us>  <u  ft-ft-ft-ft-r-  ftj^  tan  oooo  oooo  oooo  i/u/>  ®  oonn  &*•*•«•• 

>  i  i  i  i  i  i  i  i  t  i  i  it  i  it  i  i  i  i  <  i 


S  5SSSSS  S  *****  •*•  S^  •%  iiiii i  8*  *  ml  S***Sj  S 

d.  Hfinnnci  ®  KMX!  Scut  u>8  R  uj  IntAiRSnj  njnj  u>  «  fiXSIGK 


ms 1 


ftui-fljnMnn 

S°S-£SS- 

ft-jg  1  1  I  I  1 


m  rtwno«*  •  •  • 

•  ^  rtT  i/u/>  utcnn 

•  lAUtutiAift  RRR 


am  ft- ®  •  •  <a (6<\i(v-  .  .  fo  (0  ••  •  <p  00  atom 

•  »  -ft-  ru*  ....  u)cft  U)  oinmf  .  •  •  *  c*r-  ft 1  •  •  *  * 

*•  u>  •  nion^o  *«o  -  *  on)  <e  ...  •  t-nfu** 

rxj^*  -«-»oio»cooi  moo  ▼  wu> ^*i/>  **  moinicu 

111  11  iiiii 


ift  *&»  • 

-S-S 


i  risssss  s  mis  ss.  I*  t^  ;•*•**  ss  s  ss22  m...s  1  ms  ssss 

A  l  •  •  •  •  •  •  *  *  .  •  .  «oo  «ft  ••  00(0(0(010  .*••  a  *ooo  *  o  •♦.«  *  •  .  * 

o  onpinnn  •  WWW*-.  ru<»«^  t/><u  ton  000000000000  (uiu  ®  «o«^Hn  6  •  ••*  •••• 


11  1  111 


*  SSSSSS 


•  •••••  *s«  **  *s  ••••»  ss  s  ^22  s*sst.  s  w;  txtt 

S  ui«S  S3  ntfl  ftiftiniftiftifti  uiu>  ®  SSnn  oSoo(u«<  fti  8333  3333 


•juasia 

SS  1  '  '  " 


3SSSSS 

I  •  •  •  •  • 

3*f  “f  *P 


auxsoifto  •  •  iaC  tom  co ft-  •  •  •*  ••  ^  •••• 

•  •  •  •  •  *ft-ift  to  *  «n  . . .  An##  •  *cn# —  •  •  •  • 

•  ifttoF-  «to  n  •  •oonjgnn  coF-  •  .ifi  •  nn  •  »  •  •  •  Q*2SS  SXlsW 

▼  fti«4*4ft)ft)  fti«4ft)  cim  ««ui  ««oio)oio)U)  ^<u  1/1  fti*«to«4  *■«  wnacufti  tontun 


11  1  111 


S  jeieicieic 

1  iiiii 


2  r  r*»'«  ss 

**  <«R  8888S8  IftCft 

III  II 


ss  s  ss 22  :sssjs  j  ssss 

•  •••  •  *  •  *0  •  2  *  *  *  * 

jii/>  •  ••nr)  «•••<.«  »  •••• 


SSSS 


III  I 


8  “*« 

<  <0<*»W  •  » 

^  X11 

•*  1  •  •  1  1 

is  *%** 

8g  n«a^n 

Si 

Cf  AMMAA 

f  5?5?l 

X  00000 

i  55555 


5  ^«;8S  -I 

w  A11 nft-  mNm 

I  •)  •  1  I  NvIA 

5  fiw  A! 

§  nSSr-'n  |||| 
|  SSSS5  e|jA 

M  Aaaaa  |mm 

;  5 m  :s8 

H  BAOOft  CPu 

S  sssss  388 


f8  ss  si?*So  li  ^ 

iftO  11  .  .  _0  1  I-  —  v 


+  1  '*•"  50 

♦  1  ♦  I  o 

; 


sg  .fljogi-  ~w  fc  s  s  ssiigg  i  2ii> 

?.  «  '■;*»§  II  |  JJ  llfil  I  ;;s? 

SS  ii‘-*'  S5  1  2S!iK  llax  f 

““  ►►  niwiZwww  SS  «S~s  2  »».i 


-'gp 

“4 

AA  I 

iiii 

»»>» 


i§ !!  Ill  ii  I  Ax  liiiii  i  iiii  mi 
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Table  5-23.  Mfr.  Code  C  Devices  at  -55#C4 
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Table  5-24.  Transient  Response  Data 


CONDITIONS : 

Vin 

m 

lOOmV  Step,  CH  -  .001  uF 

cl 

- 

100  pF,  RL  -  10KTL. 

vc« 

- 

-11.5V  and  +11. 5V 

LIMITS : 

TR 

(OS) 

■  407.  (max.) 

TR 

(ts) 

■  2.5  us  (max.)  to  107.  of  Final  Value 

HPTT 

CODE 

S/N 

— P  "  - 
vcm 

ri757 - 

VCB-+U.5tf - 

TR(OS) 

(7.) 

TR(ta) 

(us) 

NOTES 

TR(OS) 

(7.) 

TR(ts) 

(us) 

NOTES 

A-6 

23 

0.56 

10 

0.28 

(1) 

A-7 

36 

1.04 

(1) 

10 

0.21 

A-8 

32 

0.22 

(1) 

20 

0.22 

A-9 

26 

0.94 

14 

0.26 

A-14 

28 

0.23 

16 

0.21 

A-15 

31 

0.25 

16 

0.22 

A-16 

24 

0.23 

10.5 

0.21 

A-17 

38 

0.22 

(1) 

24 

0.22 

A-18 

7 

0.65 

7 

0.64 

A-21 

22 

0.9P 

(1) 

18 

0.24 

A-22 

16 

0.25 

16 

0.22 

A-23 

17 

0.3 

12 

0.3 

A-24 

13.5 

0.52 

15 

1.12 

A-25 

13 

0.3 

16 

0.4 

A-42 

11 

0.32 

10 

0.25 

A-43 

28 

0.21 

14 

0.21 

A -44 

38 

0.52 

17 

0.21 

A-45 

13 

0.29 

9 

0.28 

A-46 

38 

0.88 

22 

0.34 

B-51 

14 

1.04 

15.5 

1.2 

B-52 

14.5 

0.92 

14.5 

1.0 

B-53 

12.5 

0.8 

13.5 

0.92 

B-54 

12 

0.88 

13 

.92 

B-55 

12 

0.88 

13 

.92 

B-56 

13 

1.0 

14 

1.04 

B-57 

16 

0.84 

(1) 

17 

1.04 

B-58 

12 

0.82 

12 

.85 

B-59 

13 

0.92 

13.5 

.96 

14 

0.96 

13 

.96 

B-61 

12 

0.86 

13.5 

.78 

B-63 

15 

1.0 

14.5 

1.0 

B-64 

11 

0.98 

14 

1.04 

B-65 

12 

1.04 

14.5 

1.08 

NOTES:  (1)  Ringing  is  barely  evident  after  on*  microsecond. 
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Table  5-25.  Broadband  Noise  Data 


(Using  a  10,000  V/V  Gain  Circuit 
and  10  Hz  to  10  kHz  Bandwidth) 

Limit  =  10  uVrms  (max) 


•T 

Mfr .  ! 

Code  i 

S/N 

Sample 

Mode 

(uVrms) 

Hold  , 

Mode  1 

(uVrms) 

A-6 

4.27 

3.62 

A-7 

4.62 

3.40 

A-8 

3.76 

3.12 

A-9 

3.99 

3.44  ! 

A- 10 

3.79 

3.22  I 

|  A- 11 

3.93 

3.09  ! 

!  A- 12 

4.14 

3.20  , 

A- 13 

mm 

A- 15 

3.46  ! 

A-16 

3.90 

3.38  ; 

A- 17 

3.91 

3.10 

A- 18 

4.07 

1.43 

!  A-19 

4.01 

4.04  i 

;  A-20 

4.03 

A-21 

3.77 

3.14 

i  B-51 

3.88 

3.36 

j  B-52 

3.84 

3.21 

!  B-53 

3.70 

3.25 

I  B-54 

3.78 

3.28 

B-55 

3.79 

3.36 

!  B-56 

3.85 

3.26 

B-57 

4.18 

5.71 

!  B-59 

3.89 

3.49 

!  B-61 

3.71 

'  3.68 

'  B-63 

3.72 

!  3.08 

:  b-64 

L... 

3.84 

3.46 

Mfr. 

Code 

S/N 

Sample 

Mode 

(uVrms) 

Hold 

Mode 

(uVrms) 

B-65 

3.86 

3.37 

B-66 

3.56 

3.87 

B-67 

3.78 

3.36 

B-68 

4.55 

B-4 

4.18 

3.56 

B-5 

4.15 

3.72 

B-6 

4.14 

3.44 

C-74 

4.09 

3.62 

C-75 

4.32 

3.83 

C-77 

4.16 

4.21 

C-78 

4.17 

C-79 

4.17 

5.18 

'  C-81 

4.16 

3.75 

!  C-82 

4.19 

3.85 

!  C-83 

3.77 

|  C-85 

3.95 

3.55 

;  C-87 

4.22 

3.93 

!  C-88 

3.91 

3.67 

1  C-89 

3.94 

3.97 

'  C-90 

4.01 

4.50 

C-71 

5.52 

4.49 

;  C-72 

l 

( 

1 

4.20 

4.48 

_ 
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SECTION  VI 


SURVEY  OF  DATA  CONVERTERS 

Data  converters  are  widely  used  in  instrumentation,  control,  simulation, 
telemetry,  video,  radar,  data  processing,  communications,  and  most 
recently,  on-line  digital  signal  processing.  As  costs  decline  and 
performance  improves  (the  current  trend),  applications  continue  to  grow 
as  traditional  analog  techniques  are  replaced  by  digital  signal 
processing  approaches. 

Introduction 

In  November  of  1979,  a  study  of  available  converter  microcircuits 
(raonolithics  and  hybrids),  suitable  for  future  JAN  38510  specification, 
was  initiated.  The  intent  was  to  identify  devices  which  might  become 
suitable  standard  devices  in  future  military  systems.  Plans  for 
detailed  slash  sheet  development  could  be  formulated  from  the  results  of 
the  study. 

The  approach  taken  was  to  solicit  recommendations  from  both  users  and 
device  manufacturers.  A  survey  letter  was  prepared  and  mailed  to 
twenty-eight  device  manufacturers  and  twenty-two  user  companies.  Copies 
of  the  survey  letters  are  included  in  Figure  6-1  (manufacturers)  and 
Figure  6-2  (users). 

Additional  usage  information  was  obtained  from  various  EIA,  DESC,  and 
RADC  device  lists.  Industry  data  sheets,  device  catalogs,  and  technical 
articles  provided  additional  technical  information. 

Assessment  of  Converter  Technology 

Data  converter  devices  are  produced  by  a  majority  of  the  major 
semiconductor  houses,  in  addition  to  a  host  of  thick-film  and  thin-film 
hybrid  manufacturers,  as  well  as  discrete  module  manufacturers.  Data 
converter  technology  is  evolving  rapidly  and  without  any  significant 
degree  of  standardization.  The  lack  of  standardization  is  not 
surprising  when  one  considers  the  variables  associated  with  data 
converter  devices: 

semiconductor  technology  ...  bipolar,  I^L,  CMOS,  NMOS,  CCD. 
manufacturing  technology  ...  monolithic,  hybrid,  multi-chip, 

discrete. 

conversion  technique  ...  successive  approximation,  dual  slope,  quad 

slope,  parallel,  companding,  etc. 
converter  resolution  ...  one  to  twenty  bits 

converter  codes  ...  true  or  complementary  binary  or  BCD,  offset 

binary,  sign  magnitude  binary,  one's  complement, 
2's  complement,  gray  code. 

output  circuit  options  ...  parallel/serial,  voltage/current 
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logic  control  options 

internal  or  external  voltage  reference 

internal  or  external  clock 

microprocessor  compatibility  -  tristate  output  buffers/latches, 

digital  control  interfacing 
range  of  analog  signals,  reference 

parameter  differences...  accuracy  (absolute  and  relative), 

conversion  speed,  linearity  (end  point  or 
best  fit),  noise,  rejection,  etc. 

power  dissipation 
case  outline 

The  survey  excludes  discrete  modular  devices,  since  it  focuses  upon 
MIL-M-38510,  which  is  a  microcircuit  specification.  Compared  to 
monolithics,  hybrid  data  converters  offer  superior  speed-accuracy 
compromises  with  more  features  and  fewer  external  components,  but  at 
higher  cost.  Monolithics  are  displacing  hybrids  in  many  user 
applications,  due  to  cost  and  reliability  considerations  as  well  as 
function/performance.  More  functions  are  included  in  the  newer  devices, 
and  with  on-chip  trimming  and/or  innovative  circuit  techniques,  the 
levels  of  device  performance  continue  to  improve. 

Twelve  bit  D/A  converters  on  a  chip  are  readily  available,  as  are  10-bit 
A/D  converters.  Some  12-bit  integration-type  monolithic  A/D  converters 
are  also  available  but  the  popular  12-bit  successive  approximation  A/D 
on-a-chip  is  not  here  yet.  The  two-chip  (AD574)  12-bit  A/D  is  evidence 
of  how  close  the  technology  is  to  that  goal,  however. 

Self-contained  microprocessor  compatibility  is  a  popular  feature  of 
many  new  devices,  whereby  tri-state  output  buffers  and  certain  digital 
control  interfacing  capability  is  included  on  the  chip. 

Whereas  successive  approximation  converters  are  the  most  popular,  the 
much  slower  integrating  types  are  needed  for  high  noise  rejection  and 
high  accuracy,  especially  in  system  instrumentation  applications.  At 
the  other  extreme,  the  very  fast  parallel  (flash)  converters  are  needed 
for  video  signal  processing  and  are  now  being  produced  with  LSI 
technology. 

Responses  to  Survey  Letters 

Responses  to  the  survey  letters  were  light,  with  six  of  twenty-two  users 
and  ten  of  twenty-eight  manufacturers  responding.  None-the-less,  the 
responses  are  summarized  in  Tables  6-1,  6-2  and  6-3.  To  protect  the 
business  interests  of  manufacturers,  military  programs  are  not  named  in 
the  tables.  Also,  discrete  modular  type  devices  are  eliminated  since 
MIL-M-38510  is  a  microcircuit  specification.  Devices  already  specified 
in  38510,  or  in-process  for  38510  specification,  are  also  excluded  from 
the  responses. 
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GENERAL  ELECTRIC 


GENERAL  ELECTRIC  COMPANY,  100  PLASTICS  AVENUE.  PITTSFIELD  MASS  0120 1 

Phone  DIAL  COMM  8  236-  14131  494- .3.6,61 

5320-4 27 -JSK: ms 
November  14,  197  9 


ELECTRONIC 

SYSTEMS 

DIVISION 

ORDNANCE  SYSTEMS 


MEMO  TO  DATA  CONVERTER  DEVICE  MANUFACTURERS 


GE  Ordnance  Systems  is  currently  under  contract  to  Rome  Air  Development  Center 
to  characterize  data  converter  devices  for  MIL-M-38510  (JAN)  slash  sheets.  As 
part  of  this  effort,  we  are  performing  a  study  of  available  converter  micro- 
circuits  (monolithics,  hybrids)  suitable  for  future  JAN  38510  specification. 
Manufacturer  recommendations  are  an  important  consideration,  and  that  is  what 
we  are  seeking  via  this  letter. 

Devices  suited  for  military  programs  should  be  of  high  quality  and  reliability, 
capable  of  operating  in  the  temperature  range  of  -55°C  to  +125°C,  and  capable 
of  meeting  the  general  requirements  of  MIL-M-38510D.  Please  list  eligible 
devices  which  you  manufacture,  in  order  of  your  chosen  priority,  on  the  attached 
form,  and  return  as  soon  as  possible  (Dec.  15  deadline). 

For  your  information,  the  following  devices  are  already  specified  in  this  program: 

MIL-M-38510/ 113  DAC08,  DAC0SA  8-bit 

D/A  Converters 

MIL-M-38510/ 120  MN5200,  MN5210  family, 

12-bit  A/D  Converters 

MIL-M-38510/ 121  AD562,  HI562  12-bit 

D/A  Converters 

It  is  anticipated  that  characterization  effort  will  commence  on  the  following 
devices  in  the  very  near  future: 

AD563  -  addition  to  /121 

7520,  -21,  -23,  -41  CMOS  8,  -10,  -12-bit  DACs 
Any  questions  concerning  this  request  should  be  directed  to  the  undersigned. 

J.  S.  Kulpinski 

Circuit  Design  Engineering 

Room  2372  •  Extension  3661 

tncleeure 

Figure  6-1  Manufacturer  Survey  Letter 
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MEMO  TO  DATA  CONVERTER  DEVICE  USERS 


GE  Ordnance  Systems  Is  currently  under  contract  to  Rome  Air  Development  Center 
to  characterize  data  converter  devices  for  MIL-M- 38510  (JAN)  slash  sheets.  As 
part  of  this  effort,  we  are  performing  a  study  of  available  converter  micro¬ 
circuits  (monollthlcs,  hybrids)  suitable  for  future  JAN  38510  specification. 

User  recommendations  are  an  important  consideration,  and  that  Is  what  we  are 
seeking  via  this  letter. 

On  the  attached  form,  please  list  data  converter  devices  which  you  are  currently 
using  In  Military  applications,  or  which  you  are  considering  for  usage  In  future 
designsL  D/A,  A/D,  trignometrlc  converters,  and  even  associated  products  such  as 
V/F  converters,  sample  holds,  references,  analog  multiplexers,  etc.  are  of 
interest  to  us. 

The  results  of  this  survey  will  be  compared  with  manufacturer  reconmendatlons 
to  formulate  a  basis  for  future  JAN  specification  development  efforts. 

In  return  for  your  completion  of  this  survey,  we  will  send  you  a  list  of  current 
JAN  linear  Interface  specs  issued,  ln-process,  and  planned,  on  a  recurring  basis. 

This  survey  has  been  authorized  by  Thomas  Dellecave  of  RADC  (315-330-2946). 
Response  Is  requested  by  Dec.  20. 

Please  forward  this  survey  to  an  appropriate  individual  within  your  company. 
Thank  you  for  your  cooperation. 


j .  S.  Kulpinski,  Lead  Engineer 
Circuit  Design  Engineering 
Room  2372 


Enclosure 


Figure  6-2  Uaer  Survey  Letter 


Table  6-1.  Summary  of  Survey  Responses 
D/A  Converters 


Usage 

P 

-  Planned 

Device 

//Bits 

User 

C 

*  Considered 

Type 

Resolution 

Recommending 

u 

=  In  use 

Mfr.  Rec. 

1. 

DAC01 

6 

GE-ESPD 

U 

- 

2. 

ADH030 

12 

- 

ILC-DDC 

3. 

DAC80 

12 

GE-SSD 

U 

- 

4. 

DAC85 

12 

*•" 

Burr-Brown 

Analog  Devices 

5. 

DAC87 

L2 

Burr-Brown 

Analog  Devices 

6. 

DAC100 

10 

NASA/GSFC 

U 

PMI 

GE-SSD 

u 

7. 

DAC331 

10,  12, 

14 

NASA/GSFC 

p 

Hybrid  Systems 

8. 

DAC335 

•  12 

Hybrid  Systems 

9. 

DAC337 

8,  10 

- 

- 

Hybrid  Systems 

10. 

DAC347 , 
-348 

10,  12 

* 

Hybrid  Systems 

11. 

DAC356 

12 

- 

- 

Hybrid  Systems 

12. 

DAC397 

12 

- 

- 

Hybrid  Systems 

13. 

AD561 

10 

GEOS 

u 

Analog  Devices 

14. 

AD565, 

12 

GE-ESPD 

u 

Analog  Devices, 

H1565 

GEOS 

C 

Harris,  Fairchild 

15. 

AD566 

12 

GEOS 

C 

Analog  Devices 

16. 

DAC1000 

-1008 

8,  9, 

10 

- 

- 

National  Semic 

17. 

DAC1020 

-21,-22 

.  io 

** 

National  Semic 

18. 

DAC1220 

-21,-22 

,  10 

National  Semic 

19. 

MN3850 

12 

Rockwell 

u 

- 

20. 

AM6012 

12 

- 

- 

AMD 

21. 

AD7524 

12 

GEOS 

p 

- 

22. 

AD7530 

10 

NASA/GSGC 

p 

- 

23. 

8641 

12 

- 

- 

Teledyne 

24. 

DACSL 

12 

Rockwell 

u 

ILC-DDC 
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Table  6-1.  Summary  of  Survey  Responses 
D/A  Converters  (Cont'd) 


Description/Features  Technology 

1.  3-input  3-output  options,  low  power  Monolithic,  bipolar 

2.  30  nsec  settling,  low  glitch,  int.  ref.  Hybrid,  thin  film 

+  MSI 

3.  300  nsec  settling,  int.  ref.  +  op  amp  Hybrid 

4.  300  nsec  settling,  low  cost,  v  or  i  output  Hybrid 

5.  High  accuracy  vs  temp.  Hybrid 

6.  Low  non-linearity  vs  temp.  2-chip  bipolar 

7.  4-quad  mult,  low  pwr,  1-supply,  Hybrid,  thin  film 

7521-41  equiv. 

8.  Low  power,  DAC85  equiv  Hybrid 

9.  Adjust-free,  int.  ref.  +  output  amp.  Hybrid,  thin  film 

10.  Low  power,  high  perf,  gen'l  purpose  Hybrid,  thin  film 

11.  Low  power,  low  cost  Hybrid 

12.  20  nsec  settling,  ECL  compatible  Hybrid 

13.  High  accuracy,  temp-stable  Monolithic, 

bipolar/Si-Cr 

14.  200  nsec  settling,  stable  int  ref  Monolithic, 

bipolar/Si-Cr 

15.  Low  cost,  200n  sec  settling,  low  power  Monolithic, 

bipolar/Si-Cr 

16.  uP  compatible,  double-buffered  like  AD7520  Monolithic,  CMOS/Si-Cr 

17.  MDAC,  low  power,  AD7521  equiv  Monolithic,  CMOS 

18.  MDAC,  low  power,  AD7531  equiv  Monolithic,  CMOS 


19.  Int.  ref.  and  fast  output  amp,  high  perf  Hybrid 

20.  No-trim,  segmented,  250  nsec  settling,  Monolithic  bipolar 

low  cost 

21.  4  quad  mult.,  uP  interface,  low  cost  Monolithic  bipolar 

22.  Low  power,  low  tempco,  500  nsec  settling  Monolithic,  CMOS 

23.  MDAC,  low  power,  AD7541  equiv.  Monolithic,  CMOS 

24.  Input  register  with  strobe  Hybrid 
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Table  6-2.  Summary  of  Survey  Responses 
A/D  Converters 


Usage 

P 

=  Planned 

Device 

//Bits 

User 

C 

=*  Considered 

Type 

Resolution 

Recommending 

u 

=  In  use 

Hfr.  Rec. 

1. 

ADC0801 

8 

- 

- 

National  Semi 

2. 

TDC1001J 

8 

NASA/GSFC 

P 

_ 

3. 

MN5122 

8 

Rockwell 

U 

- 

4. 

JCL7132 

8 

- 

- 

Intersil 

5. 

8703* 

8 

- 

- 

Teledyne  Semic 

6. 

8704* 

10 

- 

- 

Teledyne  Semic 

7. 

AD571 

10 

JPL,NASA/GSFC 

P 

Analog  Devices 

NWSC 

u 

Fairchild 

8. 

ADC85 

12 

NASA/GSFC 

P 

- 

Lockheed 

u 

9. 

ADH8586 

12 

- 

- 

1LC-DDC 

10. 

AD574 

12 

CE-ESPD 

p 

Analog  Devices 

NWSC 

u 

Fairchild 

11. 

ADC581B 

12 

- 

- 

Hybrid  Systems 

12. 

ADC582B 

12 

- 

- 

Hybrid  Systems 

13. 

ICL7 109 

12 

- 

- 

Intersil 

14. 

ADC7556 

12 

GE-ESPD 

u 

- 

15. 

ADH8516 

12 

- 

- 

ILC-DDC 

16. 

8705* 

12 

- 

- 

Teledyne  Semic 

17. 

AD7550 

13 

NASA/CSFC 

p 

- 

18. 

8750* 

3 

1/2  digits 

- 

- 

Teledyne  Semic 

19. 

8751* 

3 

1/2  digits 

- 

- 

Teledyne  Semic 
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Table  6-2.  Summary  of  Survey  Responses 
A/D  Converters  (Cont'd) 


Description/Features 

Technology 

1. 

uP  compatible,  low  cost,  general  purpose, 
S-A,int.  ref. 

Monolithic  CMDS 

2. 

2.5  mHz  conv.  rate,  +/-  1/2  LSB  linearity 

Bipolar  LSI 

3. 

Low  cost,  no  adjustments,  S-A,  2-5  usee. 

Hybrid,  thin  film 

4. 

uP  compatible,  low  cost,  general  purpose, 

S-A,  int  .ref.  ADC0801  equiv. 

Monolithic  CMOS 

5. 

Charge  balancing  conv,  low  cost,  uP 
interface , 1 . 8  msec 

Monolithic  CMOS 

6. 

Charge  balancing  conv,  low  cost,  uP 
interface,  6  msec 

Monolithic  CMOS 

7. 

Self-contained  int.  ref.  +  clock, 

25  usee,  S-A 

Monolithic 

8. 

Self-contained,  int  ref  +  clock,  10  usee 

Hybrid,  thin  film 

9. 

Self-contained,  int.  ref.  +  clock  5  usee 

Hybrid,  thin  film 
+  MSI 

10. 

uP  interface,  int  ref.  +  clock,  S-A 

2-chip  monolithic 

11. 

ADC85  equiv,  /DW  power,  20  upc 

Hybrid,  thin  film 

12. 

Equiv  to  MN5216 

- 

13. 

Dual-slope  integrating,  uP  interface 

Monolithic  CMOS 

14. 

Low  power,  low  cost,  uP  compatible,  S-A, 

50  usee. 

Hybrid 

15. 

uP  interface,  2  usee,  int. /ext.  clock 

Hybrid,  thin  film 
+  MSI 

16. 

Charge  balancing  conv,  low  cost,  uP 
interface,  24  msec 

Monolithic  CMOS 

17. 

uP  interface,  quad  slope,  precision 

Monolithic  CMOS 

18. 

High  accuracy  (.025%),  low  power,  12  msec 

Monolithic  CMOS 

19. 

Auto  zero,  auto  polarity,  low-power, 
int. /ext  clock 

Monolithic  CMOS 
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Existing  MIL-M-38510  Data  Converter  Specifications 


Data  converters  presently  specified  in  MIL-M-38510  slash  sheets  are 
listed  in  Table  6-3.  The  DAC08,  -08A  devices  are  popular  8-bit 
monolithic  (bipolar)  D/A  converters  with  dual  complementary  current 
outputs,  are  fully  output  voltage  compliant,  low  cost  and  multi  sourced. 
The  562  is  a  higher  resolution,  12-bit  D/A  converter,  slower  than  the 
DAC08,  and  lacking  output  voltage  compliance,  but  otherwise  a  high 
performance  device  sourced  by  two  manufacturers  at  a  medium-high  cost. 
The  CMOS  7520  MDAC  family  now  being  characterized  fills  in  the  gap  of 
lower  cost,  four-quadrant  multiplying  DACs  with  low  power  consumption 
and  relatively  fast  settling  time. 

The  A/D  converter  family  presently  being  characterized  for  MIL-M-38510 
is  the  first  hybrid  device  to  be  specified  in  the  linear/interface 
category.  These  12-bit  converters  are  successive  approximation, 
medium-high  conversion  speed  (12  usee  for  the  5210  series),  high  cost 
devices  sourced  by  three  vendors  (not  all  types,  and  not  yet  available 
from  all). 

Table  6.3.  JAN  38510  Data  Converters. 


Device  Type 


Generic  Family 

/ 1 1 3  D/A  Converters 
8-Bit 

01 

(09) 

DAC08 

02 

(10) 

DAC08A 

03 

(ID 

04 

(12) 

05 

(13) 

06 

(14) 

07 

(15) 

08 

(16) 

/ 1 2 1  D/A  Converters 
12-Bit 

AD562 

HI562 

AD563 

/ 1 27  D/A  Converters 
(CMOS)  8,  10, 
12-Bit 

7523 

7520 

7521 

7541 

1020 

1220 

1218 

/ 1 20  A/D  Converters 

5200 

5203 

5201 

5204 

5202 

5205 

5206 

5207 

12-Bit  (5210)  (5213)  (5211)  (5214)  (5212)  (5215)  (5216)  (5217) 
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Recommendations  for  Specification  Development 


Recommendations  for  future  JAN  38510  specifications  are  influenced  T>y 

several  factors  (listing  sequence  is  not  significant): 

o  Expressed  manufacturer  interest  in  supporting  slash  sheet  development 
evidenced  by  line  certification  and  participation  at  JC-41  meetings. 

o  Availability  of  devices  at  distributors  and  from  manufacturers  for 
use  in  characterization.  Preferably,  devices  from  manufacturers 
should  be  supplied  with  data. 

o  User  need,  as  determined  from  organized  committees,  government 
procurement  lists,  or  expressed  need  from  military  system 
manufacturing  companies. 

o  Availability  of  multiple  sources.  This  is  desirable  but  not  an 
absolute  constraint.  Often,  second  source  devices  are  not  totally 
interchangeable  with  the  original  part. 

o  Device  technology.  At  this  time,  there  is  more  emphasis  on 

monolithic  devices  over  hybrid  devices,  due  to  difficulties  in  the 
certification  of  hybrid  manufacturers.  Hybrids  are  necessary  to 
achieve  certain  performance  requirements  in  some  cases,  however  (e.g. 
12-bit  A/D  Converters). 

o  Device  vintage.  There  is  a  stronger  tendency  to  develop  slash  sheets 
for  devices  of  recent  vintage,  which  may  have  superior  performance 
parameters  due  to  technological  advances.  This  is  accompanied  by  a 
risk  factor  that  the  part  may  have  some  problem  that  has  not  yet 
surfaced,  or  that  the  part  may  not  be  well-received  by  users  and  may 
therefore  be  discontinued  by  the  manufacturer. 

o  Device  features.  Devices  which  offer  performance,  packaging,  or 
reliability  advantages  beyond  those  devices  presently  specified  in 
MIL-M-38510  are  preferred  over  devices  which  are  roughly  equivalent 
to  existing  38510  parts. 
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In  making  recommendations  for  future  characterization,  GEOS  does  not 
intend  to  identify  specific  devices,  due  to  the  sensitivity  involved  in 
selecting  one  manufacturer's  product  over  that  of  another.  Instead, 
there  are  general  recommendations  and  guidelines  for  device  selection 
that  can  be  made  based  upon  the  current  technology  vs.  the  existing 
MIL-M-38510  converter  devices.  The  following  is  a  list  of  GEOS 
recommendations  for  future  device  selection. 

o  Low  to  medium  cost  A/D  converters  having  8  bit  to  12  bit  resolution 
should  be  given  high  priority  for  specification  development. 
Monolithic  devices  are  preferred  at  present  until  certification 
requirements  for  hybrids  are  finalized.  Successive  approximation 
(S/A)  converters  are  the  most  popular  and  versatile,  and  therefore 
should  be  given  priority.  While  monolithic  12  bit  S/A  A/D  converters 
do  not  yet  exist,  there  are  2-chip  devices  available.  Devices 
designed  for  the  other  extremes  of  conversion  speed  -  i.e.  the  slow 
integrating  type  and  the  very  fast  flash  converters  -  should 
eventually  be  included  in  the  JAM  38510  system  to  satisfy  growing 
user  needs  for  these  products. 

o  For  both  D/A  and  A/D  converters,  devices  having  microprocessor- 
compatibility  should  be  given  priority.  Microprocessor 
compatibility  is  especially  desirable  for  8-bit  devices. 

o  Improved  versions  of  existing  JAN  38510  devices  should  be  fully 
considered,  since  the  characterization  effort  is  lessened,  and  such 
devices  can  be  added  to  existing  slash  sheets. 

o  Higher  resolution  data  converters  (beyond  12  bits)  should  not  be 
considered  for  JAN  38510,  due  to  anticipated  problems  in  developing 
and  correlating  automatic  tests  for  them.  When  more  experience  is 
realized  with  the  current  12-bit  converters,  higher  resolution 
devices  can  then  be  considered. 
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SECTION  VII 


12-Bit  D/A  Converters 
MIL-M-38510/121 


7.1  Introduction 

The  increased  use  of  microprocessors  in  military  systems  has  stimulated 
interest  in  JAN  38510  specification  development  of  data  converters  and 
associated  devices  which  are  needed  to  interface  analog  sources,  sen¬ 
sors,  loads  and  displays  with  digital  processing  hardware.  In  1978, 
the  first  JAN  D/A  Converter  slash  sheet  was  developed,  MIL-M-38510/113, 
The  DAC08  and  DAC08A  devices,  8-bit  monolithics  with  dual  complementary 
current  outputs,  fully  voltage  compliant,  low  cost  and  multi-sourced 
were  selected  for  the  slash  sheet. 

The  need  for  higher- resolution  d/A  Converters  will  be  met  by  MIL-M- 
38510/121,  12-bit  D/A  Converters.  Monolithic  12-bit  converters  have 
only  recently  begun  to  displace  the  hybrid  devices  which  have  predomi¬ 
nated  the  marketplace  in  past  years,  and  there  is  reason  to  believe  this 
trend  will  continue.  The  562  is  one  of  the  first  12-bit  monolithics 
that  is  multi-sourced  and  has  been  identified  by  users  as  a  desirable 
corqponent  for  military  systems. 

While  multi-sourcing  has  many  advantages,  it  presents  some  difficulty 
in  preparing  a  common  specification  for  data  converters.  Of  three 
manufacturers  which  offer  the  562,  no  reasonable  compromise  of  specifi¬ 
cations  could  be  negotiated  to  include  even  two  manufacturers  on  one 
device  type.  Consequently,  there  are  two  device  types  in  the  slash 
sheet,  each  sourced  by  only  one  manufacturer;  the  third  device  is  not 
included  at  this  time.  Instead  of  characterizing  562  devices  from  three 
different  manufacturers,  a  563  D/A  Converter  was  added  to  the  specifica¬ 
tion  as  device  type  12103. 

Table  7-1  lists  the  device  types  specified  for  this  characterization. 
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Table  7-1.  Device  Types  Specified 


Device 

Type 

Generic 

Type 

Manufacturer 

Case 

Type 

No  of 
Term 

Reference 

12101 

AD562 

Analog  Devices 

DIP 

24 

Ext . 

HI562 

Harris 

DIP 

24 

Ext . 

kS^HI 

AD563 

Analog  Devices 

DIP 

24 

int. 

7.2  Description  of  Device  Types 

The  562  is  a  monolithic  12  bit  D/A  Converter  with  guaranteed  monoton¬ 
icity  over  the  full  military  operating  temperature  range,  -55°C  to  +125°C. 
The  device  is  mounted  in  a  hermetically  sealed  ceramic  24  lead  dual  in¬ 
line  package.  The  562  accepts  a  reference  voltage  of  0  to  +  10  V  and 
provides  a  binary  weighted  output  current  proportional  to  the  product 
of  the  digital  address  input  and  the  reference  voltage.  When  the  ref¬ 
erence  voltage  is  variable  the  device  is  a  two  quadrant  DAC.  On  the 
other  hand,  when  the  reference  voltage  is  fixed  the  device  is  simply  a 
DAC  with  a  nominal  output  current  of  -2  mA  for  device  type  01  and  -5mA 
for  device  type  02.  Laser-trimmed  internal  gain,  voltage- range  and 
bipolar  offset  resistors  are  incorporated  to  provide  accurate  output 
voltages  when  used  in  conjunction  with  an  external  amplifier.  Scaling 
errors  are  minimized  because  of  low  resistor  tracking  TCR;  approximately 
1  ppm/C°.  The  following  ranges  can  be  pin-programmed; 

0  to  +  10  V,  0  to  +  5  V, 

-  5  to  +  5  V,  -2.5  to  +  2.5  V, 

-10  to  +  10  V 

In  the  unipolar  mode,  the  digital  code  for  the  device  is  natural  binary 
"positive  true".  In  the  bipolar  mode,  the  digital  code  is  offset 
binary. 


Address  In 


Unipolar 


Bipolar 


0000  0000  0000 
1000  0000  0000 
1111  1111  1111 


0  V 

+  5.000V 
+  9.99878  V 


-  10.000  V 
0  V 

+  9.99572  V 


The  device  is  CMOS  or  TTL  compatible.  With  pin  2  connected  to  pin  1 
the  device  is  CMOS  compatible  and  the  internal  logic  threshold  is  VCc/2 
and  the  voltage  may  be  4.75  to  +  15.8  V.  With  pin  2  open  for  device 
type  01  and  grounded  for  device  type  02  the  logic  threshold  is  approxi¬ 
mately  +  1.4  V  and  the  device  is  TTL  compatible  with  Vcc  *  +  5  V  +  10%. 


VII-2 


/ 


In  device  type  01  and  03,  the  current  output  is  the  weighted  sum  of 
the  outputs  of  three  similar  groups  of  binary  scaled  quad  current 
generators,  controlled  by  Vr.  The  logic  inputs  steer  these  currents 
through  non- saturation  bipolar-transistor  current  switches  to  either 
ground  or  the  respective  quad  output  bus.  The  output  currents  from  the 
2nd  and  3rd  quads  are  attenuated  by  16:1  and  256:1  respectively.  The 
attenuated  output  are  then  summed  with  the  unattenuated  output  of  the 
1st  quad.  The  output  current  is  then  the  sum  of  12  individually 
switched  currents  having  a  binary  relationship. 

The  current  generating  transistors  from  each  quad  group  have  emitter 
areas  in  the  ratio  of  8:4: 2:1.  The  ladder  network  resistances  are  in 
the  ratio  of  1;2;4:8.  With  equal  voltages  applied  to  the  resistors,  the 
emitter  currents  are  therefore  in  a  binary  ratio.  Because  of  the 
weighted  emitter  area,  the  transistors  operate  at  equal  emitter  current 
densities  and  therefore  have  nearly  equal  Vre's  and  hFE's.  The  control 
amplifier  (Al)  drives  the  bases  ot  the  constant  current  transistors  and 
a  reference  transistor,  which  has  hpg  and  VEE  matched  to  those  of  the 
constant  current  and  bit  switching  transistors. 

Figure  7-1  is  a  Functional  Block  Diagram  and  an  Operational  Diagram  of 
the  AD562. 

In  device  type  02,  the  562  current  output  is  derived  from  an  R-2R 
resistive  ladder  network.  The  input  currents  to  this  ladder  network  is 
generated  by  twelve  identical  bipolar  current  sources.  These  currents 
are  steered  to  either  the  device  ground  pin  or  to  separate  junction 
nodes  of  the  resistor  ladder  network.  The  R-2R  ladder  network  provides 
proper  weighting  to  each  of  the  input  currents  so  that  the  output  cur¬ 
rent  has  a  binary  relationship  to  the  input  current.  Since  each  source 
contributes  current  independent  of  the  other  sources,  the  output  cur¬ 
rent  is  the  sum  of  the  weighted  currents  applied  to  the  network. 

Figure  7-2  is  a  Block  Diagram  of  the  HI-562  and  Figure  7-3  is  an  Opera¬ 
tional  Diagram  of  the  HI-562. 

7.3  Test  Development 

Devices  used  in  these  characterizations  were  selected  by  a  joint  deci¬ 
sion  of  RADC  and  the  Circuit  Design  Engineering  Activity  of  GEOS. 

Devices  were  obtained  from  three  manufacturers  on  the  JC-41  Committee. 
Table  7-2  lists  the  device  types  characterized. 


/ 
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Table  7-2.  Device  Types  Characterized 


Device 
_  Type 

S/N  Manufacturer 

Date 

Codes 

12101 

5,19,20, 

AD 

7824 

21,25,35,48 

AD 

7824 

4310-4315 

AD 

7917 

1-5* 

AD 

- 

12102 

6,7,13,22 

Harris 

7838 

9.  ,,oQ,87,88 

Harris 

- 

1-5 

PMI 

- 

*S/N's  I*1 3  supplied  by  Analog  Devices  were  rejected  devices 
to  be  used  for  test  circuit  development. 

Test  Parameter  Development 

The  test  parameters  were  developed  by  GEOS  and  the  cognizant  vendors 
supplying  devices  for  characterization.  MIL-M- 38510  slash  sheets 
developed  for  digital  devices  were  reviewed  and  the  standard  digital 
input  parameters  were  selected  for  inclusion  into  MIL-M-38510/121.  In 
addition,  the  standard  analog  test  parameters  were  also  included  as 
well  as  the  test  parameters  unique  to  D/A  Converters.  Table  7-3  is  a 
list  of  the  test  parameters  measured  during  characterization  of  the 
562  D/A  Converters. 

Table  7-3.  Test  Parameters  for  Characterization. 


Item 

No 

1 

2 

3 

4 

5 

6 


Symbol  Parameter 

Icc  Supply  current  from  Vcc;  Vce  =  15  V 

Iee  Supply  current  from  Vee ;  Vee  =  -  15  V 

IjH  Logic  "1"  input  current;  Vcc  =  15  V 

Ijk  Logic  "0"  input  current;  Vcc  =  15  V 

IpS  Full  scale  current;  all  bits  on 

IzSl  Zero  scale  current  (TTL) ;  all  bits  off 
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Table  7-3.  Test  Parameters  for  Characterization,  (cont'd) 


Item 

No _ Symbol _ Parameter  (see  Page  for  definitions) 


7 

IZS2 

Zero  scale  current  (CMOS) ;  all  bits  off 

8 

D-IZS/D-T 

Zero  scale  current  drift;  Vcc  =  5  V 

9 

vFSIl 

Gain  error  (TTL)  ;  Vcc  =  5  V 

10 

vFSI2 

Gain  error  (CMOS)  ;  Vcc  =  15  V 

11 

d-vfs/o-t 

Gain  drift;  Vcc  =  5  V 

12 

BPOE 

Bipolar  offset  error;  Vcc  =  5  V 

13 

D-BPO  /D-T 

Bipolar  offset  drift;  Vcc  =  5  V 

14 

vFSl3 

Bipolar  gain  error;  Vcc  =  5  V 

15 

+PSS1 

Power  supply  sensitivity  at  full  scale  from 

Vcc  (TTL)  Vcc  =  5  V 

16 

+PSS2 

Power  supply  sensitivity  at  full  scale  from 

Vcc  (CMOS)  Vcc  *  15  V 

17 

-PSSl 

Power  supply  sensitivity  at  full  scale  from 

Vee-  Vee  =  -  15  V 

18 

L 

Bit  linearity  error;  Vcc  =  5  V 

19 

BUE 

Bit  weight  errors 

20 

£bwe 

Summation  of  bit  weight  errors 

21 

MC 

Major  carry  error;  vCc  =  5  V 

22 

M 

Monotonicity 

23 

CSLH 

Output  current  settling  time  0  to  FS;  Vcc  =  5  V 

24 

tSHL 

Output  current  settling  time  FS  to  0;  Vcc  =  5  V 
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The  test  circuits  for  items  1  through  19  were  developed  for  the  S3260/70 
Automatic  Tester  interface,  and  test  circuits  for  items  23  and  24  were 
developed  for  bench  type  testing  at  25°C  only. 

For  the  purpose  of  characterization,  the  bit  linearity  error  test  was 
performed  on  all  of  the  4096  different  codes.  Because  of  the  measurement 
problems,  and  the  time  required  to  perform  bit  linearity  error  test  for 
all  codes,  the  vendors  were  very  adamant  about  performing  some  abbrevi¬ 
ated  test  that  would  insure  device  performance. 

Initially,  the  vendors  and  GEOS  agreed  to  a  test  that  would  measure 
the  bit  linearity  error  polarity  and  magnitude  as  each  bit  is  turned 
on  one  at  a  time  with  all  other  bits  turned  off.  In  this  test  approach 
it  is  assumed  that  the  total  error  at  the  output  of  the  module  is  the 
superimposed  contribution  of  the  individual  errors  and  that  the  maximum 
positive  error  can  be  located  by  simultaneously  activating  those  bits 
having  individual  positive  errors.  Similarly,  it  was  assumed  that  the 
maximum  negative  error  can  be  located  by  simultaneously  activating 
those  bits  having  individual  negative  errors.  The  characterization  of 
devices  received  from  two  manufacturers  showed  that  this  abbreviated 
test  approach  worked  well  for  one  manufacturer  but  did  not  work  at  all 
for  the  other  manufacturer..  Devices  from  both  AD  and  Harris,  however, 
passed  the  all  codes  bit  linearity  error  test.  PMI  devices  were  removed 
from  the  characterization  effort. 


By  using  the  all  codes  bit  linearity  error  data,  GEOS  examined  several 
possible  abbreviated  methods.  These  methods  involved: 

a)  variations  of  the  single  bit  superposition  method,  described 
above , 

b)  successive  approximation  techniques  where  bits  are  turned  on 
one  at  a  time  as  in  a) ,  however,  after  each  bit  is  turned  on 
a  decision  is  made  to  determine  if  the  action  added  to  or 
subtracted  from  the  previous  error  measurement. 

c)  segmentation  of  the  code  word  pattern  and  measurement  of  the 
bit  linearity  error  at  the  code  words  which  begin  segment. 

d)  combinations  of  the  above  methods. 

The  final  method  recommended  by  GEOS  to  the  JC-41  Committee  Members  was 
a  method  that  combined  the  single  bit  superposition  method  for  the 
lower  eight  bits  with  a  16-segment  method  that  measured  the  worst  case 
positive  and  the  worse  case  negative  bit  linearity  error  for  the  upper 
four  bits. 
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Test  Adapter  Development 


At  the  beginning  of  the  test  development,  the  accuracy  and  capability 
of  the  S3260/70  Automatic  Test  Set  is  determined  for  each  parameter. 
Because  of  the  limitations  of  the  test  set  in  the  measurement  of 
precision  linear  devices  a  special  interface  test  adapter  was  developed. 

One  of  the  primary  considerations  in  attempting  to  test  a  12  bit  D/A 
Converter  on  the  Tektronix  S3260/70  is,  "How  does  one  measure  DAC  output 
linearity  to  ±  .0017.  and  fast  enough"  that  the  S3260/70  isn't  tied  up 
for  long  periods  of  timel  GEOS  chose  to  implement  a  comparative  type 
test  which  utilizes  a  Reference  Module  in  conjunction  with  the  S3260/70 
test  adapter  to  test  the  device's  linearity  and  accuracy.  The  ref¬ 
erence  module  contains  an  18  bit  D/A  Converter  (12  MSBs  used)  some 
switches,  some  buffer  amplifiers,  and  active  ground  drivers.  It  was 
designed  to  interface  with  D/A  Converters  with  12  bits  of  resolution. 

It  contains  switching,  logic,  and  buffer  amplifiers  and  is  capable  of 
interfacing  accurately  with  D/A  converters  of  various  ranges  and  codes. 
It  was  primarily  designed  to  interface  with  the  562  series  of  12  bit 
D/A  Converters.  A  schematic  of  the  adapter  test  circuit  for  static 
test  measurement  is  shown  in  Figure  7-4. 

Another  consideration  in  testing  devices  with  such  accuracy  on  the 
S3260/70,  is  grounding  and  line  drops.  If  the  test  circuits  were 
designed  for  bench  test,  the  circuitry  would  be  kept  close  together  and 
unipoint  grounding  employed.  All  of  the  precautions  would  be  taken  to 
minimize  voltage  drops  on  critical  wires,  avoid  ground  loops,  and 
prevent  oscillations.  However,  maintaining  the  close  proximity  and 
unipoint  grounding  on  the  S3260/70  is  next  to  impossible.  Therefore, 
an  alternate  approach  was  taken.  Active  ground  drivers  (See  Fig.  7-5) 
consisting  of  a  cascaded  connection  of  an  OP  05  amplifier  and  a  hybrid 
driver  (LH0002)  in  the  voltage  follower  configuration  were  employed  to 
drive  the  DOT  and  adapter  grounds  separately  to  the  same  ground  poten¬ 
tial  as  the  reference  module  ground.  Care  was  taken  in  the  selection 
of  adapter  devices  to  minimize  power  consumption  (by  using  low  power 
Schottky  for  example)  and  keeping  the  driven  grounds  disconnected  from 
machine  ground.  Offset  voltage  trims  were  implemented  on  the  OP  05s  to 
enable  adjustment  of  the  DUT  and  adapter  grounds  to  0  V  relative  to 
the  Ref.  D/A  ground.  The  technique  worked  exceptionally  well  and 
contributed  largely  to  the  ultimate  success  in  obtaining  better  than 
±  ,05  LSB  measurement  accuracy  on  linearity  measurements.  A  12  bit 
D/A  converter  in  the  unipolar  mode  on  the  0  to  10  V  range  has  an  LSB 
voltage  increment  value  of  2.44  mV.,  ±  .05  LSB  equals  +.122  mV. 
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Also  employed,  as  shown  in  Figure  7-4,  are  buffer  amplifiers  for  the 
Reference  Voltage  output  (43)  and  for  the  Reference  D/A  output  (A4)  . 

The  amplifiers  are  differential  and  remote  ground  and  output  sense  lines 
are  employed  to  prevent  line  drop  from  deteriorating  measurement  accu¬ 
racies  . 

It  should  be  noted  that  the  reference  module  when  used  with  the  S3260/70 
test  adapter  provides  a  simple  setup  for  bench  testing.  Aside  from 
some  test  equipment,  all  that  is  required  is  the  undersocket  card 
interface.  This  feature  enables  the  DUT  to  be  tested  with  access  to 
all  of  the  adapter  circuitry  on  the  under  socket  card  that  is  not 
readily  accessible  on  the  S3260/70. 

The  method  employed  for  testing  the  linearity  and  accuracy  of  the  562 
is  illustrated  in  Figure  7-4  and  in  the  following  simplified  schematic. 


.01  uF 


Simplified  schematic  of  error  amplifier. 

The  reference  D/A  output  voltage  is  fed  to  the  10  volt  span  resistor 
(DUT  pin  10)  via  relays  Kl  and  K5.  Both  Reference  D/A  output  drive 
and  Reference  D/A  output  sense  lines  are  switched  separately  and  connect¬ 
ed  together  at  DUT  pin  10.  For  any  given  DUT  address  the  difference 
between  the  DUT  output  and  the  Reference  D/A  output  are  compared. 
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inverted  and  amplified.  (Use  of  the  10  volt  span  resistor  is  possible 
because  the  span  resistors  are  laser  trimmed  to  compensate  for  full 
scale  current  deviations  from  nominal  and  provide  nominal  output  voltage 
when  used  in  conjunction  with  a  zero  offset  external  op  amp.  If  full 
scale  current  is  low  by  10%  from  nominal  then  the  span  resistor  will 
be  high  by  10%. ) 

With  all  relays  deenergized  the  error  amplifier  offset  voltage  is 
trimmed  to  0V,  EQ  =  0  V.  The  Reference  voltage  is  adjusted  to  + 

10.0000  V  at  adapter  pin  22,  as  read  on  a  Fluke  8502  DVM.  The 
Reference  D/A  address  inputs  are  set  to  all  zeros,  relays  Kl  and  K5 

are  energized  and  the  Reference  D/A  output  voltage  at  OUT  pin  10  is 

adjusted  to  (offset  adj)  to  -  10.000  V,  as  read  on  the  Fluke  8500.  The 
Reference  d/A  address  inputs  are  then  set  to  all  ones  and  the  Reference 

D/A  output  voltage  at  DUT  pin  10  is  adjusted  (gain  adj)  to  +  9.9951  V, 

as  read  on  the  Fluke  8500.  The  Reference  D/A  output  voltage,  the  Ref¬ 
erence  voltage,  and  the  error  amplifier  have  been  calibrated.  With  the 
DUT  address  bits  all  zeros,  the  Reference  D/A  output  voltage  is  incre¬ 
mented  by  a  small  but  finite  voltage  (14  bits)  and  the  change  in  voltage 
at  the  error  amplifier  output  noted.  Dividing  the  change  in  output 
voltage  by  the  change  in  input  voltage  provides  the  error  amplifier 
gain  (inverted) .  This  gain  value  is  then  used  by  the  automatic  test 
set  to  calculate  the  true  device  output  current  errors,  it  should  be 
noted  that  the  Reference  DAC  employed  required  complimentary  logic. 

In  Table  III  of  the  slash  sheet  the  codes  are  shown  as  such,  eg  all  0’s 
applied  to  the  DUT  provides  a  nominal  -  9.997  V  (equivalent)  output. 

All  l's  applied  to  the  Reference  D/A  provide  a  nominal  +  9.9975  V 
output  and  all  "0"s  applied  to  the  Reference  D/A  provide  a  nominal 
0  V  output. 

To  measure  linearity,  the  DUT  equivalent  output  voltages  (I0  R^)  at 
zero  and  full  scale  are  obtained  by  measuring  E0  (adapter  pin  21)  for 
all  DUT  and  Reference  d/A  out  bits  off  and  for  all  DUT  and  Reference 
D/A  out  bits  on.  The  DUT  equivalent  output  voltages  are  calculated 
using  the  following  relationship 

I0  Ri  =  -  £  +  Reference  D/A  out;  (where  G  =  error  amp  gain) 

u 

A  straight  line  is  established  between  these  two  points  and  subsequent 
measurements  of  DUT  outputs  for  any  given  address  are  compared  to  the 
straight  line  which  is  the  ideal  linearity  curve. 

One  other  important  factor  to  consider  in  testing  12  bit  D/A  converters 
is  temperature  stability.  Warm  up  time  before  test  varies  from  vendor 
to  vendor.  The  device  dissipates  as  much  as  600  mW  and  it  will  take  a 
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finite  amount  of  time  for  the  temperature  to  stabilize  after  turn  on. 
Just  how  long  a  stabilization  period  should  be  allowed  depends  upon 
how  fast  the  codes  are  tested.  Tests  using  an  abbreviated  test  method 
for  measuring  linearity  are  not  as  sensitive  to  the  thermal  shifts  as 
tests  using  all  codes  test  method.  While  testing  the  devices  on  the 
S3260/70  in  the  all  codes  linearity  test  mode,  the  data  obtained  was 
very  sensitive  to  stabilization  time  just  as  the  data  would  be  in  a 
bench  test  setup.  All  final  test  data  was  taken  after  a  temperature 
stabilization  of  12  minutes. 


Bench  Test  Development 


The  only  bench  test  characterization  performed  on  the  562  D/A  Converter 
was  the  measurement  of  settling  time.  Figure  7-8  shows  the  schematic 
of  the  settling  time  test  circuit  used  by  GEOS  during  characterization. 


Transistor  Ql  is  a  high  frequency  grounded  base  amplifier  that  clamps 
the  DDT  output  to  ground.  Resistor  "R"  and  voltage  "VL"  are  adjusted 
for  zero  current  in  the  Schottky  diodes  when  the  DUT  output  is  at  its 
final  value.  The  grounded  base  amplifier  output  is  connected  to  one 
half  of  a  common  collector  differential  amplifier.  The  other  half  of 
the  differential  amplifier  is  connected  to  the  supplv  side,  of  the 
Schottky  diodes.  This  circuit  provides  cancellatio  n  i  t  any  .-<0  .  *e 
variations  on  the  +■  5  volt  supply  output  as  a  resist  of  its  inability 
to  regulate  with  fast  switching  load  changes.  The  oscilloscope  input 
gain  is  adjusted  when  the  DUT  output  is  at  its  final  value.  To  do  this, 
the  LSB  input  to  the  DUT  is  toggled  (not  shown)  on  Figure  7-8  between 
a  logic  "1"  and  a  logic  "0".  As  this  is  done,  the  oscilloscope  preamp 
gain  is  adjusted  for  a  2  cm  vertical  change  on  the  oscilloscope.  This 
results  in  a  display  which  represents  1/2  LSB/cm.  Once  the  test  cir¬ 
cuit  and  the  oscilloscope  have  been  calibrated  for  the  desired  DUT 
output  final  value  check,  a  square  wave  is  applied  to  the  DUT  digital 
inputs  and  settling  time  is  measured  on  the  oscilloscope  to  +  1/2  LSB 
of  the  final  value. 

Tester  Correlation 

Correlation  of  test  adapter  was  accomplished  by  comparing  the  automatic 
tester  data  with  bench  data  in  a  simple  test  circuit  setup  and  by 
comparing  these  data  results  with  vendor  supplied  data  on  the  parts  to 
be  characterized.  All  sets  of  data  were  eventually  shown  to  be  well 
within  the  207,  of  parameter  limit  criteria  used  by  GEOS  and  government 
test  facilities.  GEOS  was  unable  to  correlate  data  on  device  settling 
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time.  GEOS  received,  on  loan,  the  settling  time  test  box  from  one  of 
the  manufacturers  supplying  parts  for  characterization.  Devices  were 
tested  at  GEOS  on  this  test  box  and  the  results  were  compared  with 
those  obtained  using  the  circuit  shown  in  Figure  7-8.  The  settling 
time  test  results  obtained  with  the  GEOS  test  circuit  were  about  1-1.5 
us  faster  than  those  obtained  with  the  vendors  test  circuit.  The  vendor 
was  contacted  concerning  this  problem,  however,  he  feels  that  the  AD562 
meets  the  needs  of  a  general  purpose  D/A  Converter  and  that  his  tests 
is  adequate  for  these  needs. 

7.4  Test  Results  and  Data 

Most  of  the  static  test  parameter  measurements  were  straight  forward 
and  the  data  results  were  within  the  specified  parameter  limits.  Four 
devices  marginally  failed  the  gain  error  drift  over  the  temperature 
range  of  -55°C  to  +125°C  and  six  others  marginally  passed  the  limit. 

If  the  gain  error  drift  is  calculated  over  the  temperature  range  of 
-55°C  to  +  125°C,  the  four  above  mentioned  failures  pass  the  spec  limit. 
Examples  of  the  test  data  results  are  presented  in  Tables  7-4  and  7-5. 

Bit  linearity  error  testing  was  done  both  by  measuring  all  codes  data 
and  by  measuring  the  individually  activated  bits  one  at  a  time  with 
all  other  bits  turned  off.  The  data  for  errors  to  the  individual  bits 
was  reasonably  consistant  whether  it  was  obtained  by  a  quick  abbreviated 
test  measurement  or  whether  it  was  extracted  from  the  all  codes  measure¬ 
ment.  The  correlation  bet  'een  these  two  measurement  techniques  is 
illustrated  in  Figure  7-9.  The  all  codes  bit  linearity  errors  were 
measured  at  125°C,  25°C  and  -55°C  for  positive  power  supply  voltages 
of  +5  Vdc  and  +15  Vdc.  The  errors  were  graphed  versus  address  code  and 
sample  graphs  are  presented  in  Figure  7-10  and  7-11.  In  addition, 
sample  histograms  of  the  bit  linearity  error  distribution  are  shown  in 
Figure  7-12  and  7-13. 


Bench  test  data  was  obtained  on  the  settling  time  parameter  for  both 
device  type  01  and  02.  Output  Settling  Time  Data  for  device  types  01 
and  02  is  presented  in  Table  7-6.  Sample  oscillographs  of  the  settling 
times  are  presented  in  Figure  7-14  and  7-15  for  device  types  01  and  02, 
respectively.  In  addition,  settling  time  data  was  obtained  using  both 
the  GEOS  test  circuit  shown  in  Figure  7-8  and  the  ADI  test  circuit 
shown  in  Figure  7-17.  The  AD  settling  time  test  adapter  was  loaned 
to  GEOS  for  this  characterization. 
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7.5  Discussion  of  Data 

Static  data  was  measured  on  the  S3260/70  at  -55°C,  25*C  and  125®C. 
Samples  of  the  25°C  measurements  are  presented  in  Tables  7-4  and  7-5 
and  in  Figures  7-9  through  7-13. 


All  of  the  devices  supplied  for  device  type  01  characterization  met 
the  25°C  parameter  limits.  However,  some  devices  supplied  for  device 
type  02  characterization  failed  a)  the  bipolar  offset  error  (BPOE)  and/ 
or  b)  the  sum  of  the  positive  and  negative  bit  errors  (  2 (NL+)  + 

(NL-)).  A  vendor  analysis  of  the  circuit  revealed  that  the  bipolar 
offset  error  limits  were  initially  set  too  tight  for  the  device  design. 
The  limit  for  bipolar  offset  error  was  subsequently  set  to  ±  40  mV  for 
both  device  types.  With  this,  all  of  the  devices  for  characterizations 
met  the  bipolar  offset  error  limits  at  all  three  temperatures.  Failure 
of  the  limits  for  the  sum  of  the  positive  and  negative  bit  errors 
disclosed  that  the  parts  had  a  bow  in  the  bit  linearity  error  curve. 

This  is  illustrated  markedly  in  Figure  7-11  and  7-13  for  Bit  Linearity 
Error  and  Bit  Linearity  Error  Distribution,  respectively.  Both  of 
these  figures  illustrated  that,  if  the  bit  linearity  error  curve 
described  a  bow,  the  sum  of  the  positive  and  negative  bit  errors  param¬ 
eter,  most  generally,  would  not  be  met.  Since  the  bow  caused  the 
device  to  fail  the  sum  of  the  positive  and  negative  bit  errors  parameter 
but  did  not,  in  itself,  cause  the  device  to  fail  bit  linearity  error, 
it  was  felt  that  the  parameter  for  the  sum  of  the  positive  and  negative 
bit  errors  was  too  severe  and  unnecessary.  The  test  was  therefore 
deleted  from  the  slash  sheet. 

Testing  of  these  devices  at  125°C  did  not  uncover  any  additional 
failures  and/or  test  problems.  However,  testing  at  -55°C  uncovered 
both.  Analysis  of  the  data  taken  at  -55° C  revealed 
several  failures  for  the  digital  input  current  measurements.  These 
failures  occurred  ranuomly  and  could  not  be  repeated.  After  a  great 
deal  of  investigation,  it  was  discovered  that  the  velocity  of  the 
cooling  air  to  the  DUT  in  the  tester  had  been  increased  for  some  un¬ 
related  testing  but  was  not  set  back  to  its  initial  value.  This  meant 
that  the  cooling  air  spent  less  time  in  the  tester's  drying  chamber; 
and  consequently,  the  moisture  content  of  the  air  was  higher  than 
normal.  This  condition  resulted  in  the  formation  of  frost  at  the  DUT 
pins  and  random  digital  input  current  failures.  Once  the  tester  problem 
was  corrected  the  random  failures  were  eliminated.  GEOS  did  not  retest 
devices  that  failed  before  the  tester  problem  was  corrected. 
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At  -55°C,  failures  were  also  observed  during  the  measurements  of  bit 
weight  errors,  sum  of  the  positive  bit  errors  and  sum  of  the  negative 
bit  errors.  The  bit  weight  error  measurements  were  rescheduled  with 
no  change  in  the  results.  The  failures  are,  therefore,  assumed  by 
GEOS  to  be  actual  failures. 

Possibly  the  most  singularly  revealing  printouts  of  the  bit  linearity 
error  measurements  are  shown  in  Figures  7-10  through  7-13.  Figures 
7-10  and  7-11  are  plots  of  the  4096  bits  of  linearity  error  data. 

Because  of  the  large  number  of  data  measurements  and  the  linearity 
resolution  of  the  computer  graphics,  the  bit  linearity  error  graph, 
for  all  4096  bits,  had  to  be  printed  on  six  pages.  The  two  figures 
show  significantly  different  patterns.  The  two  devices  used  to  obtain 
these  plots  were  from  each  of  the  two  different  vendors  that  supplied 
parts  for  characterization.  Because  of  the  characteristic  differences 
between  these  two  devices,  it  became  apparent  that  the  originally 
proposed  abbreviated  test  method  using  the  superposition  of  individual 
bit  errors,  would  not  adequately  guarantee  device  performance.  When 
this  test  method  was  applied  to  devices  with  bit  linearity  error 
characteristics  as  shown  in  Figure  7-11,  the  most  positive  error  could 
not  be  defined.  After  several  such  observations,  the  test  method  was 
abandoned. 

Other  abbreviated  test  methods  described  in  Section  7.3  were  analyzed 
by  using  the  all  codes  data.  A  successive  approximation  technique  was 
analyzed  to  obtain  the  maximum  positive  error  by  first  checking  the  bit 
linearity  error  for  code  1000  0000  0000.  If  this  yields  a  positive 
bit  linearity  error  then  the  bit  linearity  error  for  the  code  word 
1100  0000  0000  is  checked.  However,  if  the  initial  code  word  yields 
a  negative  bit  linearity  error,  then  the  next  check  for  bit  linearity 
error  is  made  at  code  word  0100  0000  0000.  This  process  of  decision 
making  continues  until  all  bits  have  been  examined.  It  is  hoped  that 
the  final  value  represents  the  most  positive  bit  linearity  error.  The 
results,  however,  had  the  same  failings  as  the  single  bit  superposition 
method  when  the  bit  linearity  error  curve  displays  a  bow.  This  method 
was  also  abandoned. 

The  most  promising  technique  involved  a  method  of  segmentation,  whereby, 
the  4096  code  words  were  divided  into  16  equal  increments  and  the  worst 
case  error,  as  defined  by  these  16  code  words,  was  defined.  Since 
these  code  words  are  established  by  combinations  of  the  first  4  most 
significant  bits,  a  method  for  determining  the  state  of  the  remaining 
8  bits  had  to  be  defined.  After  observing  the  repetitive  nature  of  the 
first  128  bits  of  linearity  error  data,  GEOS  concluded  that  either 
the  single  bit  superposition  method  or  the  successive  approximation 
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technique  could  be  used  to  determine  the  state  of  the  lower  8  bits. 

Since  the  single  bit  superposition  method  for  finding  the  worse  case 
error  is  the  simpler  of  the  two  to  implement,  GEOS  recommended  this 
method  combined  with  the  16-segment  method  for  determining  the  overall 
worse  case  bit  linearity  error. 

The  technique  described  above  has  given  good  results  in  defining  the 
worse  case  error,  however,  since  the  d/A  Converter  bit  linearity  error 
is  repetitive  for  the  lower  bits  there  may  be  several  code  words  that 
yield  approximately  the  same  maximum  error.  This  is  particularly 
true  if  the  bit  weight  error  of  bit  number  five  is  zero.  Under  these 
circumstances,  the  error  pattern  is  repeated  twice  in  each  of  the  16 
segments.  Therefore,  there  will  be  two  code  word  in  each  segment,  sepa¬ 
rated  by  128  bits,  that  will  yield  approximately  the  same  bit  linearity 
error.  Table  7-7  compares  the  results  of  the  worse  case  bit  linearity 
error  measurements  obtained  by  a)  the  single  bit  superposition  method, 
b)  the  16  segment  plus  single  bit  superposition  method  and  e)  the  all¬ 
codes  method.  Examination  of  this  table  shows  that  the  16  segment  and 
the  all  codes  method  have  a  maximum  positive  error  difference  of  .024 
LSB  and  a  maximum  negative  error  difference  of  .030  LSB.  Also,  the  super¬ 
position  method  and  the  all  codes  method  have  a  maximum  positive  error 
difference  of  .202  LSB  and  a  maximum  negative  error  difference  of  .396 
LSB. 

Settling  time  of  the  device  output  current  was  measured  as  the  digital 
inputs  are  changed  from  all  bits  on  to  all  bits  off  and  vice  versa. 

Test  results  are  tabulated  in  Table  7-6  and  sample  oscillographs  of 
settling  time  for  device  types  01  and  02  are  shown  in  Figures  7-14  and 
7-15  respectively.  These  test  results  were  compared  with  typical 
results  obtained  from  both  vendors.  GEOS  was  not  able  to  correlate 
settling  times  with  those  typically  observed  by  ADI.  To  assist  in  the 
investigation,  ADI  loaned  their  production  tester  to  GEOS.  Data  was 
taken  on  both  the  GEOS  settling  time  tester  and  on  the  ADI  settling 
time  tester.  The  results  of  these  measurements  are  shown  in  Figure 
7-16  and  are  consistent  with  results  predicted  earlier. 

7.6  Slash  Sheet  Development 

The  slash  sheet,  MIL-M-38510/121,  was  developed  as  a  joint  effort  of 
GEOS  and  the  cognizant  members  of  the  JC-41  Committee.  Host  of  the 
test  parameters  were  established  early  in  the  slash  sheet  development, 
however,  bit  linearity  error  test  methods  were  significantly  changed 
from  the  initial  draft  and  noise  and  reference  input  impedance  were 
added  later. 
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Initally,  the  slash  sheet  was  supposed  to  specify  devices  from  three 
different  vendors,  except  that,  during  the  characterization  effort  a 
design  problem  was  uncovered  with  the  PMI  submission  and  they  chose  to 
withdraw  their  parts  until  the  design  problem  is  cleared  up.  in  place 
of  this  part,  a  563  D/A  Converter  was  added  to  the  slash  sheet.  This 
part  is  identical  with  the  562  D/A  Converter  except  that  the  563  has 
an  internal  reference  voltage.  Since  the  internal  reference  voltage 
source  contributes  to  the  error  measurements,  several  of  the  test 
parameter  limits  had  to  be  relaxed.  Table  I  of  the  slash  sheet  is 
shown  in  Table  7-8. 

Definitions  were  included  in  the  slash  sheet  and  at  the  time  of  this 
writing  were  still  being  discussed. 

7.7  Conclusions  and  Recomnendations 

The  test  circuits  were  developed  for  use  on  an  automatic  test  set.  The 
test  adapter  was  designed  to  test  all  of  the  parameters  listed  in  Table 
7-8,  except  for  settling  time,  noise  and  reference  input  impedance. 

In  retrospect,  it  would  be  much  better  to  devote  one  test  adapter  cir¬ 
cuit  to  the  standard  type  test  parameters  and  to  develop  a  separate 
test  adapter  test  circuit  for  the  unique  test  parameters  such  as  bit 
linearity  error. 

The  abbreviated  test  for  the  measurement  of  bit  linearity  error  is 
adequate  for  the  measurement  of  562  D/A  Converters  from  both  Analog 
Devices  and  Harris.  Should  a  new  vendor  request  qualification  for  the 
production  of  these  devices,  a  full  characterization  of  the  new 
vendors  parts  should  be  made  to  determine  if  the  abbreviated  test 
method  is  adequate. 

Definitions  of  the  D/A  Converter  terms  used  in  MIL-M-38510/121  are 
still  being  discussed  by  the  vendors.  GEOS  recommends  that  these 
definitions  be  issued  by  DE3C  for  distribution  and  comment  and  that  a 
Data  Converter  Sub-committee  should  resolve  the  comments  received  by 
DESC.  Also,  the  definitions  should  reflect  the  specific  devices  on 
the  slash  sheet  and  should  not  be  written  as  general  data  converter 
definitions. 
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Block  Diagram  of  AD562  d/A  Converter. 


TTL/CMOf 

LOGIC  (US) 

LfVtL  GIT . . .  GIT 


QUO  Vp^KLICT  1  2  I  4  •  •  7  ••  10  11  12 


Figure  7-2.  Block  Diagram  of  HI-562. 
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Figure  7-3.  Operational  Diagram  of  HI-562. 
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Figure  7-9.  Bit  Weight  Error  Display  (25°C) 


FOR  DEVICE  S/N  5  AT  25  DEG  C 


Figure  7-10.  Bit  Linearity  Error  (all  codes) 


FOR  DEVICE  S/N  5  AT  25  DEG  C 


Figure  7-10.  Bit  Linearity  Error  (all  codes),  (cont'd) 


FOR  DEVICE  S/N  5  AT  25  DEG  C 

ycc--f5.ee  u,  vEE--is.eu  #4  jun  se 
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FOR  DEVICE  S/N  5  AT  25  DEG  C 

VCC--t-5.de  V,  UEE--IS.0V  0-4  JUN  80 


Figure  7-10.  Bit  Linearity  Error  (all  codes),  (cont'd) 


FOR  DEUICE  S/N  5  AT  25  DEG  C 
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Figure  7-10.  Bit  Linearity  Error  (all  codes).  (cont'd) 


r 

3 


o 

ut 

a 

3 
IA  <9 
(U  • 
in 


«  I 

■ 

in  ui 
u 
r  3 

N 

in  « 
3 
UI 

O  <9 


3  • 

ui  in 
a  + 

■ 

QC  O 
o  o 
U.  3 


VII-29 


/ 


/ 


FOR  DEVICE  S/N  9  AT  25  DEG 
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FOR  DEUICE  S/N  9  AT  25  DEG  C 

UCC-+5.00  0,  UEE--15.0O  04  JUN  80 
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0-1  Transition  Overall 

(a) 


0-1  Transition  Expanded 

(b) 


1-0  Transition  Overall  ,  1-0  Transition  Expanded 

(c)  (d) 


Figure  7-14.  Settling  time  waveforms  S/N  4312, 

VII-37 


0-1  Transition  Overall 
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0-1  Transition  Expanded 
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1-0  Transition  overall 
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Figure  7-15.  Settling  time  waveforms  S/N  07. 
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Figure  7-16.  Settling  time  waveforms  S/N  35 
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TABLE.  7-4,  Device  Type  01  Data  at  +  25°C.  (cont'd) 
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TABLE  7-6.  Output  Settling  Time  Data 


Serial  Number 
of  Device 

Device  Types  01  &  02 

All  Bits  Off  to 

All  Bits  On 

All 

All 

Bits  On  i 
Bits  Off 

00005 

500  ns 

260  ns 

00019 

480  ns 

300  ns 

00020 

500  ns 

260  ns 

00021 

480  ns 

260  ns 

00025 

480  ns 

220  ns 

00 035 

480  ns 

360  ns 

00048 

480  ns 

245  ns 

04310 

400  ns 

290  ns 

04311 

370  ns 

240  ns 

04312 

360  ns 

240  ns 

04313 

370  ns 

245  ns 

04314 

380  ns 

245  ns 

04315 

400  ns 

240  ns 

6 

480  ns 

360  ns 

7 

450  ns 

380  ns 

13 

480  ns 

380  ns 

22 

500  ns 

360  ns 
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Table  7-8.  Electrical  Performance  Characteristics 


Device  Limits 


Characteristics  Symbol 

Conditions 

Type 

Min 

Max 

Unit 

Monotonicity 

■— 

Guaranteed  by  the  Bit 
Linearity  and  Major  Carry 
Error  Tests 

All 

12 

Bits 

Supply  current 

Icc 

Vcc  s  +  15V 

01,02 

3 

18 

oA 

from  Vcc 

All  input  bits  =  +10. 5V 

03 

3 

20 

mA 

Supply  current 

lee 

Vcc  *  +  15V 

01,02 

-25 

-5 

rnA 

from  Vee 

All  input  bits  =  +4.5V 

02 

-40 

-5 

mA 

Logic  ”1“  input 

IIH 

Vcc  =  +  15V, 

01, 03 

-  1 

+100 

uA 

current 

Vin  (logic  "1")  *  +10. 5V, 
Each  input  measured 
separately 

02 

-  1 

+100 

nA 

Logic  "0"  input 

IIL 

Vcc  =  +  15V 

01,03 

-200 

+1 

uA 

current 

Vin  (logic  "0")  =  0  V, 
Each  input  measured 
separately 

02 

-100 

+1 

uA 

Full  scale 

IFS 

All  inputs  logic  ”1" 

01,03 

-2.7 

-1.6 

mA 

current 

Vo  «  0  V 

02 

-6 

-4 

mA 

Zero  scale 

1ZS1 

All  inputs  logic  "0" 

XIFS 

current  (TTL) 

Vo*  0  V, 

All 

-.05 

+.05 

Cur¬ 

TA  =  25oC 

rent 

Zero  scale 

IZS2 

All  input  bits  =  +  4.5V 

XIFS 

current  (CMOS) 

Vo  »  0  V,  Vcc  =  +15V, 

All 

-.05 

+.05 

Cur¬ 

TA  =  25oC 

rent 

Zero  scale 

D-IZS 

All  inputs  logic  "0” 

All 

-  2 

+  2 

PPM  IFS 

current  drift 

/D-T 

/Co 

Gain  error 

VFSI1 

All  inputs  logic  "1” 

01,02 

-20 

+20 

mV 

(TTL) 

VFSI  -  Vo  -  9.99756 

TA  =  25oC 

03 

-16 

+16 

mV 

Gain  error 

VFSI2 

All  input  bits  *  +  10.5V 

01,02 

-20 

+20 

mV 

(CMOS) 

VFSI  -  Vo  -  9.99756 

Vcc  -  +15  V,  TA  -  +  25oC 

03 

-16 

+16 

mV 

Gain  drift 

D-VFS 

All  inputs  logic  ”1” 

01,02 

-  5 

+  5 

PPM  VFS 

/D-T 

03 

-30 

+30 

/Co 
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Table  7-8.  Electrical  Performance  Characteristics. 

Device  Limits 


Character 1 st ics 

Symbol 

Conditions 

Type 

Min 

Max 

Unit 

Bipolar 

BPOE 

All  Inputs 

logic  "0” 

01,02 

-40 

+40 

mV 

offset  error 

TA  -  25oC 

Bipolar 

D-BPO 

All  inputs 

logic  "0“ 

01,02 

-  4 

4 

PPM  VFS 

offset  drift 

/D-T 

Measure  D-Vo  2/ 

/Co 

Bipolar  zero 

B2E 

Input  bits 

-  4000  (octal) 

03 

-32 

+32 

mV 

error  (TTL) 

TA  -  25oC 

Bipolar  zero 

D-BZ 

Input  bits 

■  4000  (octal) 

03 

-10 

+10 

PPM  VFS 

drift 

/D-t 

/Co 

Bipolar  gain 

VFS13 

All  inputs 

logic  ”1“ 

01,02 

-40 

+40 

mV 

error 

TA  -  25oC 

03 

-32 

+32 

mV 

Power  supply 

+PSS1 

Vcc  -  4  5V  +/—  0.5  V 

01,02 

-0.8 

0.8 

mV 

sensitivity 
at  full  scale 

TA  =  25oC 

1/ 

03 

-3.2 

3.2 

mV 

from  Vcc 

-55oC  <  TA 

<  +  125oC 

01,02 

-1.6 

1.6 

mV 

(TTL) 

03 

-6.4 

6.4 

mV 

Power  supply 

+PSS2 

Vcc  *  +  15 

V  +/-  1.5  V 

01,02 

-0.8 

0.8 

mV 

sensitivity 
at  full  scale 

TA  *  25oC 

1/ 

03 

-3.2 

3.2 

mV 

from  Vcc 

-55oC  <  TA 

<  125oC 

01,02 

-1.6 

1.6 

mV 

(CMOS) 

0J 

-6.4 

6.4 

mV 

Power  supply 

-PS  SI 

Vee  =  -15V  +/-  1.5  V 

01,02 

-1.6 

1.6 

mV 

sensitivity 
at  full  scale 

TA  =  25oC 

1/ 

03 

-6.4 

6.4 

mV 

from  Vee 

-55oC  <  TA 

<  +  125oC 

01,02 

-3.2 

3.2 

mV 

03 

-12.8 

12.8 

mV 
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Table  7-8.  Electrical  Performance  Characteristics 


Characteristics 

Bit  linearity 
error 


Major  carry 
error 


Device  Limits 

Symbol  Conditions  Type  Min  Max 

L1-L8  Turn  on  bits  5  to  12,  1  All  -1.22  +1.22 

bit  at  a  time,  and  measure 
relative  to  REF.  DAC 
output.  Bits  1  to  4  are 
turned  off.  Record  the 
measured  bit  error  signs. 

1/ 


L9-L23  All  combinations  of  bits  All  -1.22  +1.22 
1  to  4,  bits  5  to  12  are 
turned  off.  Measure  Vo 
relative  to  REF.  DAC 
output.  Record  the  code 
words  for  the  worse  case 
positive  bit  error  and 
for  the  worse  case 
negative  bit  error. 

L24  Bits  1  to  4  shall  be  the  All  -1.22  +1.22 
code  word  of  the  worse 
case  positive  bit  error  in 
L9-L23.  Bits  5  to  12  shall 
be  turned  on  for 
corresponding  positive 
bit  error  measurements  in 
LI  to  L8. 


L25  Bits  l  to  4  shall  be  the  All  -1.22  +1.22 
code  word  of  the  worse 
case  negative  bit  error 
in  L9-L23.  Bits  5  to  12 
shall  be  turned  on  for 
corresponding  negative 
bit  error  measurements 
in  LI  to  L8. 


L26-  All  combinations  of  bits  All  -1.22  +1.22 
L4119  0  to  11.  Measure  Vo 

relative  to  REF  DAC 
output. 

4000-3777  (octal)  to  2-1 

MC1-MC11  1/  All  -1.0  +1.0 
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Unit 

mV 


mV 


mV 


mV 


mV 

LSB 


Table  7-8.  Electrical  Performance  Characteristics. 


Device 

Limits 

Characteristics  Symbol 

Conditions 

Type 

Min 

Max 

Unit 

Output  current 

tSLH 

All  inputs  switched 

01,03 

- 

3.0 

usee 

settling  time 

0  to  FS 

simultaneously.  Time  to 
settle  to  within  1/2  LSB 
of  final  value.  TA=25oC 

02 

1.0 

usee 

Output  current 

tSHL 

All  inputs  switched 

01,03 

- 

3.0 

usee 

settling  time 

FS  to  0 

simultaneously.  Time  to 
settle  to  within  1/2  LSB 
of  final  value.  TA=25oC 

02 

1.0 

usee 

Reference 
input  impedance 

Zi 

VREF  =  10  V  TA  -  25oC 

01 

02 

15 

6.4 

2.5 

9.6 

Kohms 

Kohms 

Output  noise 
voltage 

No 

Vcc  =  +15V.  All  inputs 

TA  -  25oC 

All 

6.2 

uVrms 

Notes:  1.  This 
range 

test  is  performed  in  the  unipolar  mode 
One  LSB  is  2.44  mV. 

over  a 

0  to 

10  V 

2.  VOFS  is  the  full  scale  voltage  range. 

3.  For  device  02,  the  input  voltage,  Vin,  shall  be  +  12  V(max). 

4.  The  output  compliance  voltage  range  (See  6.4.1)  may  vary  for 
each  vendor.  Devices  with  a  finite  output  resistance  will 
draw  additional  current  that  is  equal  to  the  output  compliance 
voltage  divided  by  the  device  output  resistance; 
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SECTION  VIII 


CMOS  MULTIPLYING  D/A  CONVERTERS 
MIL-M-38510/127 


8.1  Introduction 

CMOS  multiplying  digital  to  analog  converters  were  initially  introduced 
in  late  1973  by  Analog  Devices.  Since  then  these  devices  have  been  used 
in  many  applications  and  several  other  manufacturers  have  incorporated 
them  into  their  product  lines.  Table  8-1  shows  the  CMOS  multiplying  D/A 
converters  to  be  specified  in  MIL-M-38510/127. 

Table  8-1.  Table  of  Device  Types  Specified. 


Device 

Generic 

Manufacturer 

Multiply 

D/A  Converter 

Type 

Type 

Code  ♦ 

Description 

01 

AD7523S 

A,B 

8-bit  res.,  8-bit 

lin. 

02 

AD7520U 

A,B,C,D 

10-bit  res.,  10-bit 

lin. 

03 

AD7521U 

A,B,C,D 

12-bit  res.,  10-bit 

lin. 

04 

AD7541T 

A,C 

12-bit  res.,  12-bit 

lin. 

05 

AD7541T 

A,C 

12-blt  res.,  12-bit 

lin.** 

06 

DAC1020LD 

D 

(AD7520  U  equiv) 

07 

DAC1221LD 

D 

(AD7521  U  equiv) 

08 

DAC1220LD 

D 

(AD7541  T  equiv) 

09 

DAC1220LD 

D 

(AD7541  T  equiv)** 

♦Manufacturer  Code 
A  *  Analog  Devices 
B  *  Micro  Power 
C  »  Intersil 

D  ■  National  Semiconductor 

♦♦Best  fit  linearity.  All  others  are  specified  with  end-point 
linearity. 

A  recommendation  for  characterization  and  possible  slash  sheet  action 
was  made  by  the  JC-41  Committee  to  RADC.  Some  device  features  which 
should  sustain  this  recommendation  are  as  follows: 

1.  First  monolithic  10-bit  D/A  converter.  (AD7520) 

2.  Many  potential  applications  and  user  options. 

3.  Cost  effective  with  other  competing  process  technologies. 

4.  Device  is  sourced  by  several  manufacturers. 

5.  Low  power  dissipation. 

6.  Usage  in  military  systems  is  high. 
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8.2  Description  of  Device  Types 

This  CMOS  series  of  multiplying  D/A  converters  are  fabricated  with  a 
deposited  thin  film  R-2R  ladder  over  a  CMOS  integrated  circuit.  A 
functional  schematic  of  a  typical  circuit  is  shown  in  Figure  8-1.  The 
R-2R  ladder  resistors  consists  of  2  K  ohms/square  silicon-chromium 
material  arranged  to  provide  the  network  shown.  These  resistors  have 
nominal  values  of  10  K  ohms  and  20  K  ohms  with  an  absolute  temperature 
coefficient  of  approximately  -350  ppm/°C  and  a  tracking  temperature 
coefficient  of  better  than  1  ppm/°C. 

When  a  voltage  is  applied  to  the  reference  terminal  of  the  structure, 
the  precision  of  the  binary  division  of  current  is  governed  by  the 
matching  of  these  resistors  and  the  drop  across  the  associated  switches. 
For  proper  operation  the  output  terminals  Ioutl  and  Iout2  should 
be  as  close  to  ground  reference  as  possible.  The  CMOS  switches  of  the 
integrated  circuit  structure  are  shown  schematically  in  Figure  8-2. 

With  the  application  of  a  DTL/TTL/CMOS  compatible  logic  signal,  two 
CMOS  inverters  assume  the  proper  states  to  drive  their  respective 
output  switches  such  that  one  is  "ON"  and  the  other  "OFF".  The  end 
result  is  that  the  same  ladder  current  is  steered  in  either  direction. 

A  logic  "high”  input  results  in  an  Ioutl  switch  position  and  current 
flow. 

Most  applications  of  these  R-2R  ladder  and  switch  networks  involve  an 
external  operational  amplifier  configured  as  a  current  to  voltage 
converter.  The  feedback  resistor  for  this  op  amp  is  one  of  the 
deposited  thin  film  resistors.  Figure  8-3  shows  how  both  devices  are 
connected  together  to  form  a  voltage  output  multiplying  DAC.  The 
digital  input  word  determines  the  states  of  all  of  the  bits  from  the 
MSB  (Most  Significant  Bit)  to  the  LSB  (Least  Significant  Bit).  All 
of  the  binary  currents  gated  through  logic  "1"  positioned  switches  flow 
through  the  feedback  resistor  to  the  op  amp  output.  Therefore, 

Eo  *  -Ioutl  *  Rfb 

The  current  Ioutl  is  the  product  of  the  reference  voltage  and  the 
digital  binary  fraction  divided  by  the  R-2R  ladder  input  resistance. 

Ioutl  -  D  *  Eref/Zin 

where 

D  -  Bl*(l/2)  +  B2*(l/4)  +  B3*(l/8)  +  ...  BN*(l/2  expN) 

B1  thru  BN  are  1  or  0. 
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Test  Development 

At  the  time  that  this  report  was  being  written  the  test  development 
phase  was  in  process,  but  not  complete.  Much  of  the  techniques  and 
equipment  are  the  same  as  that  used  for  the  AD562  12-bit  D/A 
Converter  (MIL-M-38510/121 ),  reported  in  Section  VII. 

One  major  difference  between  the  multiplying  D/A  converters  and  the 
AD562  is  that  the  former  can  have  a  variable  reference.  Therefore 
new  conditions  have  to  be  considered  and  specified. 

A  list  of  parameters  which  are  planned  for  characterization  are 
identified  in  Table  8-2. 


Item 

No 

Table  8-2. 

Symbol 

Test  Parameters  for  Characterization. 

Test  Parameter 

1 

Icc 

Supply  Current 

2 

Iref 

Reference  Input  Current 

3 

IIL 

Digital  Input  Leakage  Current  (logic  0) 

4 

IIH 

Digital  Input  Leakage  Current  (logic  1) 

5 

IZS 

Zero  Scale  Current  (I0UT1  at  logic  0  input) 

6 

IZS' 

Zero  Scale  Current  (I0UT2  at  logic  1  input) 

7 

VFS 

Gain  Error  (Full  Scale) 

8 

dVFS/dT 

Gain  Error  Drift 

9 

PSS 

Power  Supply  Sensitivity 

10 

LE 

Linearity  Error  (End  Point) 

11 

LE(BF) 

Linearity  Error  (Best  Fit) 

12 

MCE 

Major  Carry  Error 

13 

FTE 

Feedthrough  Error 

14 

tSLH 

Output  Current  Settling  Time 

15 

tSHL 

Output  Current  Settling  Time 

16 

Co 

Output  Capacitance 

17 

en 

Noise  (broadband) 
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Conclusions  and  Recommendations 


Characterisation  of  the  CMOS  multiplying  D/A  converters  is  incouplete 
at  the  tine  that  this  report  is  being  written.  Completion  of  the 
characterisation  effort  and  the  issuance  of  MIL-M-38510/127 
is  scheduled  for  December  1980  under  a  separate  contract. 
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8-3.  Typical  Voltage  Output  Functional  Schematic. 
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SECTION  n 


12-BIT  A/D  CONVERTERS 
MIL- M-385 10/120 


9.1  Background  and  Introduction 

This  JAN  38510  specification  development  is  the  first  slash  sheet 
devoted  to  A/D  converters,  and  the  specified  devices  are  the  first 
linear  hybrids  to  be  designated  for  military  usage  in  the  JAN  program. 
The  need  for  data  converters  in  military  systems  is  well-established, 
not  only  for  new  microprocessors-based  digital  systems,  but  for 
retrofit  into  upgraded  existing  systems. 

At  this  writing,  high  speed  (e.g.  13  usee  conversion  time)  12-blt  A/D 
converters  do  not  exist  as  monolithic  devices,  although  lower  spee4 
and/or  lower  resolution  monolithics  are  available  from  some  manufac¬ 
turers.  The  hybrid  devices  selected  for  this  slash  sheet  are  already 
used  in  numerous  military  systems.  They  were  developed  by  MicroNatworks 
Corporation,  and  at  least  some  of  the  device  types  will  also  be  avail¬ 
able  from  other  hybrid  manufacturers  .  .  .  Analog  Devices  and  Hybrid 
Systems.  Generally,  the  devices  offer  choice  of  external  or  internal 
references,  two  conversion  speed  ranges,  and  four  input  voltage  raiges. 

Table  9*1  lists  the  device  types  specified  for  this  characterisation, 
along  with  a  brief  description. 

The  characterization  effort  focuses  upon  representative  device  types  in 
each  family. 
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Table  9-1.  Device  Types  Specified 


Max 

Conv 

Device  type  Generic  type  Input  Voltage  Range  Ref  Time 


120-01 

MN5200 

0 

V 

to 

-10V 

int 

50  us 

120-02 

MN5203 

If 

ext 

50 

120-03 

MN5201 

-5 

V 

to 

+  5V 

int 

50 

120-04 

MN5204 

ext 

50 

120-05 

MN5202 

-10 

V 

to 

+10V 

int 

50 

120-06 

MN5205 

ti 

ext 

50 

120-07 

MN5206 

0 

V 

to 

+10V 

int 

50 

120-08 

MN5207 

It 

ext 

50 

120-09 

MN5210 

0 

V 

to 

-10V 

int 

13 

120-10 

MN5213 

II 

ext 

13 

120-11 

MN5211 

-5 

V 

to 

+  5V 

int 

13 

120-12 

MN5214 

II 

ext 

13 

120-13 

MN5212 

-10 

V 

to 

+10V 

int 

13 

120-14 

MN5215 

11 

ext 

13 

120-15 

MN5216 

0 

V 

to 

+10V 

int 

13 

120-16 

MN5217 

M 

ext 

13 

9.2  Description  of  Device  Types  and  Application  Information 

There  are  two  series  of  device  types  included  in  /120,  the  Micro  Net¬ 
works  MN5200  series  and  the  MN5210  series.  In  each  series  there  are 
eight  device  types,  four  pair  having  input  voltage  ranges  of  0  to  -10V, 
-5V  to  +5V,  -10V  to  +10V,  0  to  +10V,  with  each  pair  having  either  an 
internal  or  an  external  reference,  as  shown  in  Table  9-1.  Both  series 
are  12-bit  successive-approximation  converters  having  both  set  1  and 
parallel  digital  outputs.  They  are  packaged  in  miniature  24-pln  glass/ 
ceramic  DIFs,  are  self-contained  and  internally  laser-trimmed  (no 
external  adjustments) .  The  two  series  differ  only  in  maximum  conversion 
time  .  .  .  the  5200  series  (device  types  01-08)  requiring  50  usee 
for  a  complete  conversion,  and  the  5210  series  (device  types  09-16) 
requiring  13  usee . 

The  hybrid  devices  have  several  chips;  there  are  significant  differences 
in  the  number  of  chips  used  by  different  manufacturers  varying  fro* 
about  6  to  35.  Basically,  the  successive  approximation  converter  pon- 
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sists  of  a  D/A  converter  (ladder  network  and  switches) ,  a  successive 
approximation  register  and  logic,  and  a  comparator.  An  approximate 
diagram  of  the  5200  A/D  converter  is  shown  in  Figure  9*1,  which  includes 
functional  level  information  only,  not  detailed  schematics 
of  any  sections.  The  12-bit  converter  must  make  12  successive  approxi¬ 
mations  of  the  applied  input  voltage.  While  this  is  occurring,  the 
input  cannot  change  (unless  it  were  to  change  so  as  not  to  affect 
previous  trials,  which  is  too  restrictive),  so  a  sample/hold  circuit 
may  be  required  to  hold  the  input  constant  during  the  conversion  time. 

The  12  comparisons  are  made  between  the  input  voltage  and  a  feedback 
voltage  obtained  from  the  internal  12-bit  parallel  D/A  converter, 
beginning  first  with  the  most  significant  bit  (MSB)  and  ending  with  the 
least  significant  bit  (LSB) .  The  comparator  output  determines  whether 
a  "1"  or  a  "0"  should  be  entered  in  the  register  for  each  bit  compArisoni 
In  the  figure,  this  function  is  performed  with  a  high-gain  precision 
comparator. 

The  25L04  successive  approximation  register  (SAR)  used  in  the  Micro 
Networks  device  contains  most  of  the  digital  control  and  storage 
necessary  to  operate  the  converter.  It  contains  a  set  of  master  latches 
acting  as  control  elements  which  change  state  when  the  external  clock 
input  is  low,  and  a  set  of  slave  latches  that  hold  the  register  data 
and  change  state  on  a  low-high  transition  of  the  input  clock.  The  SAR 
acts  as  a  serial-to-parallel  converter  for  information  from  the  compara¬ 
tor,  sending  it  to  the  appropriate  slave  latch  to  appear  at  the 
register  output  (serial  output)  when  the  clock  transition  goes  from 
low-to-high.  When  that  data  enters  the  register,  the  next  significant 
bit  is  set  to  a  low,  ready  for  the  next  iteration. 

A  timing  diagram  is  shown  in  Figure  9-2.  For  parallel  data  outputs, 
the  shaded  areas  shown  denote  states  determined  by  data  input  immediately 
prior  to  the  shaded  area.  Parallel  data  is  valid  for  the  entire  time 
that  the  EOC  signal  is  low,  i.e.,  until  the  converter  is  reset.  The 
converter  is  reset  by  holding  the  "start"  signal  low  during  a  low-to- 
high  transition  of  the  clock,  beginning  at  least  25  nsec  prior  to  the 
clock  transition.  When  the  start  is  again  set  high,  the  conversion  will 
begin  on  the  next  low-to-high  clock  transition.  The  start  signal  can 
be  set  low  at  any  time  during  a  conversion  and  it  will  reset  the  con¬ 
verter,  A  complete  conversion  takes  place  in  13  clock  pulses.  For 
continuous  operation,  the  user  has  to  connect  "start  convert"  to  EOC, 
pin  1  to  pin  22.  The  ground  terminals  must  be  externally  connected 
together  as  close  as  possible  to  the  device. 
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Start  Convert  (1)o 
Clock  Input  (24)  o 


+15V  Supply  (15)  o 
-15V  Supply  (13)o 
♦5V  Supply  (2)o 
Ground  (11)» 
Ground  (23)°- 


Re(.  In/Out  (12)o. 


D/A  CONVERTER 


TIMING  DIAGRAM 

Clock  I 


Figure  9-2  Timing  Diagram  for  5200/5210  Series  A/D  Converter 


An  Op  Amp  (not  shown)  buffers  the-  input  reference  voltage  and 
provides  the  base  line  voltage  to  all  switching  transistors, 
slstors.  The  base  line  voltage  varies  to  compensate  for  the  variation 
in  the  switching  transistor  Vbe's  with  temperature,  thereby  providing 
a  constant  voltage  to  the  ladder  resistors.  Similar  compensation  exists 
for  variations  in  the  minus  supply  voltage,  which  would  change  ladder 
currents. 

It  should  be  noted  that  the  5210  series  of  devices  manufactured  by  Micro 
Networks  require  a  2.2  uF  solid  tantalum  capacitor  connected  between 
pins  15  and  10  for  operation  with  conversion  times  of  24  usees  or  less. 

The  user  should  be  aware  that  there  are  differences  in  the  supply  cur¬ 
rents  among  vendors,  and  also  differences  in  power  supply  sensitivity. 
The  specification  tolerances  have  essentially  been  widened  to  accommo¬ 
date  both  vendors,  proper  system  design  considerations  by  the  user 
will  permit  interchangeability  by  using  the  specified  limits.  Tighter 
performance  may  be  obtained  from  a  single  vendor  on  power  supply  sensi¬ 
tivity,  but  this  is  not  guaranteed  or  controlled  within  the  spec,  except 
as  stated. 

Two  approaches  to  input  quantization  are  illustrated  in  Figure  9-3,  for 
a  unipolar  converter.  The  internal  comparator  can  be  offset  by  the 
manufacturer,  such  that  the  first  transition  occurs  at  either  1/2  LSB 
or  at  1.0  LSB.  Originally,  there  was  not  full  agreement  among  the 
vendors  regarding  the  preferred  approach.  It  is  now  believed  that  all 
vendors  will  follow  the  Micro  Networks  approach,  setting  the  first 
transition  at  1.0  LSB. 

9.3  Discussion  of  A/D  Converter  Parameters 

A  brief  discussion  of  A/D  converter  parameters  and  characteristics  is 
offered  in  this  section  as  a  preface  to  the  discussions  on  test  develop¬ 
ment  which  follows.  The  comments  are  not  intended  to  be  definitions. 

Quantization  Error 

A  12-hit  D/A  converter  could  theoretically  be  super-accurate,  since 
for  a  particular  input  code  it  could  have  a  near-perfect  output 
voltage  or  current.  However,  an  A/D  converter's  accuracy  is  basically 
limited  by  its  resolution  and  Inherent  quantization  band.  For  a 
particular  output  code,  there  can  be  a  host  of  values  of  analog  input 
voltage  which  satisfy  that  particular  output  code.  A  study  of  figure 
9-3  illustrates  this  point  (either  graph).  Actually,  a  perfect  A/D 
converter  (ADC)  has  an  Inherent  error  of  ±  1/2  LSB  due  to  this 
quantization  effect. 


DC-6 


Note;  Straight  binary  code  assumed  for  illustration;  MN  5200/5210 
family  has  complementary  binary  coding. 

Figure  9-3.  Two  Approaches  to  Ideal  Quantization,  Unipolar  Mode. 
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Zero  Error 


Consider  a  12  bic  ADC  operating  in  the  unipolar  node  (one  polarity 
only  of  input  voltage),  e.g.,  a  0  to  +  10V  input  range.  The  first 
output  transition  (from  code  0000  0000  0000  to  0000  0000  0001) 
theoretically  occurs  at  an  input  level  of  +  1/2  LSB  or  +  1.0LSB, 
depending  on  the  manufacturer's  design.  (For  12  bits,  1  LSB  ■  2.44mV). 
The  difference  between  the  actual  input  voltage  and  the  theoretical 
input  voltage  is  the  offset  error.  It  will  affect  all  other  codes 
the  same  way,  so  that  its  effect  can  be  subtracted  out  or  otherwise 
corrected  for.  However,  it  will  vary  somewhat  with  temperature. 

For  the  MN5200,  for  example,  the  25°C  spec  is  ±  2.5mV,  and  at 
-55*C/+125*C  the  spec  is  ±  5.0mV.  These  concepts  are  illustrated 
in  figure  9-4. 


Note;  Straight  binary  code  assumed  for  illustration;  MN  5200/5210 
family  has  complementary  binary  coding. 

Figure  9-4.  Zero  error  tolerances. 


For  bipolar  converters,  or  a  range  such  as  +  10V  to  0,  the  concept 
of  offset  is  not  as  clear,  and  most  manufacturers  therefore  prefer 
Co  use  the  term  "zero  error".  Depending  upon  the  configuration 
and  how  the  converter  is  trimmed,  zero  error  can  actually  include 
one-half  or  all  of  the  gain  error  tolerance.  This  complication 
need  not  be  further  pursued  now  if  the  discussion  is  confined  to 
the  0  to  +  10V  unipolar  converter  originally  assumed. 

Gain  Error 


The  gain  of  an  ideal  A/D  converter  is  the  slope  of  its  transfer 
function,  a  straight  line  drawn  from  the  origin  to  the  full  scale 
point  (unipolar  assumption  again) .  In  a  real  converter,  having 
corrected  for  offset  or  zero  error,  the  error  occurring  at  full 
scale  is  a  measure  of  the  gain  error,  expressed  in  XF.S.  usually. 

Thus  the  gain  error  at  midpoint  would  be  half  the  F.S.  magnitude; 
other  codes  are  similarly  affected  proportionately.  One  must 
realize  that  the  full  scale  ideal  input  voltage  for  the  assumed 
converter  ia  not  10.0000V  at  full  scale,  but  rather  10.0000V 
minus  0.00244V.  In  locating  the  transition  for  the  final  bit 
change  to  full  scale,  the  ideal  converter's  transition  would 
occur  either  3/2LSB  or  1  LSB  away  from  full  scale,  depending  upon 
the  manufacturer  trim  (see  Figure  9-3). 

Gain  error  also  changes  with  temperature,  more  so  than  offset  does, 
so  that  a  perfect  converter  which  is  very  linear  at  one  temperature, 
may  appear  quite  non-linear  during  a  temperature  change. 

Gain  error  will  change  if  the  power  supply  voltages  change,  in  accor¬ 
dance  with  the  "Power  Supply  Rejection"  specification.  For  example, 
some  device  types  can  vary  as  much  as  ±  .05%  for  a  1%  change  in  power 
supply  level.  (The  maximum  change  usually  occurs  with  that  supply  from 
which  the  internal  reference  is  derived.  The  operating  conditions  in 
the  slash  sheet  limit  analog  supply  variations  to  ±  3%.) 

Absolute  Accuracy 

Absolute  accuracy  defines  the  total  error  of  the  A/D  converter  at  a 
stated  digital  code  (often  full  scale)  relative  to  an  absolute  standard. 
It  includes  quantization  error,  offset  error,  gain  error,  linearity 
error,  and  noise. 
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Linearity 

I 

For  an  A/D  converter,  the  integral  linearity  (often  called  "linearity**^ 
is  a  measure  of  the  deviation  of  a  plot  of  the  transition  voltages I fr— 
a  given  straight  line.  The  given  straight  line  is  usually  drawn  betwaami 
zero  and  actual  full  scale,  but  sometimes  is  drawn  between  zero  and  the 
best  fit  straight  line  to  a  plot  of  actual  data  points.  The  latte^r 
approach  is  difficult  to  communicate  from  vendor  to  user,  so  the  ehd 
point  definition  is  strongly  preferred  by  GE.  Figure  9*5  shows  an. 
example  of  a  non-linear  transfer  function  coiqpered  to  an  ideal  transfer 
function.  The  ideal  straight  line  could  be  drawn  through  the  midpoints 
of  a  step,  or  through  the  transition  points.  Micro  Networks  chose  to 
do  the  latter,  consistent  with  their  quantization  approach,  whereas 
Analog  Devices  chose  the  midpoint  approach,  also  consistent,  with  their 
quantization  definition.  Integral  linearity  is  usually  expressed  as 
an  error  term,  i.e.,  the  deviation  from  a  straight  line,  measured  in 
LSBs,  or  in  percent  full  scale.  For  the  5200/5210  A/D  converters,  the 
integral  linearity  error  limit  is  ±  1/2  LSB  over  the  military  tempera¬ 
ture  range. 


Digital  Output 
Code 


Digital  Output 
Code 


Analog  Input  (LSB) 


Analog  Input  (LSB) 


Note:  Straight  binary  code  assumed  for  illustration;  MN  5200/5210 
family  has  complementary  binary  coding. 

Figure  9-5.  Examples  of  Linear  and  Non-linear  performance. 
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Differential  linearity 

The  differential  linearity  of  an  A/ D  converter  is  essentially  a  measure 
of  the  width  of  the  input  voltage  steps  in  the  linearity  plot.  The 
height  of  the  steps  is  uniform  since  they  are  digital  code  transitions, 
but  the  range  of  analog  input  voltage  for  that  code  could  be  very  nar¬ 
row,  or  relatively  wide,  depending  upon  the  degree  of  differential 
linearity. 

Noise 


Noise  originating  in  the  device  under  test,  in  the  test  circuit,  or  in 
the  wiring,  has  the  effect  of  creating  a  degree  of  uncertainty  in  the 
output  code  transitions.  Figure  9-6  is  an  example  of  transition 
uncertainty  due  to  noise. 

Digital  output  code* 


Analog  Input  (LSB) 

Figure  9-6.  Transition  uncertainty  due  to  noise. 

Monotonicity 

The  output  of  a  monotonic  A/D  converter  never  decreases  in  response  to 
an  increasing  input.  A  converter  that  is  monotonic  must  have  a  differ¬ 
ential  linearity  error  less  than  ±  1  LSB.  An  A/D  converter  output  might 
jump  over  a  code,  or  might  have  the  proper  code  only  over  such  a  narrow 
range  of  input  as  to  be  unusable.  (Integrating  converters  are  inherently 
monotonic,  but  successive  approximation  converters  can  be  non-monotonic, 
especially  over  a  wide  temperature  range  such  as  -55®C  to  +125° C.)  The 
5200/5210  converter  is  not  tested  for  monotonicity  at  all  codes,  nor  for 
differential  linearity  at  all  codes,  but  it  is  tested  for  differential 
linearity  at  the  major  carries,  the  points  where  non-monotonicity  is 
most  likely  to  occur.  Excessive  noise  can  also  cause  non-monotonic 
behavior  at  any  code. 
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Conversion  Tima 


The  time  required  for  a  converter  to  perform  a  single  conversion  is  the 
conversion  time.  Depending  upon  how  the  END -OF -CONVERT  or  STATUS  signal 
is  handled,  some  additional  delay  may  be  required  before  valid  data  can 
be  latched  into  a  register.  The  relationship  of  the  START  signal  relative 
to  clock  also  requires  care  in  its  use. 

Conversion  time  is  a  function  of  the  settling  time  of  the  Internal  DAC;  if 
the  DAC  does  not  fully  settle  within  the  required  accuracy,  translation 
voltages  will  be  affected,  and  non -monotonic  behavior  can  result. 

Test  Parameters.  MIL-M-38510/120  -  Table  I 

The  test  parameters  developed  for  MIL-M-38510/120  are  discussed  in  the 
following.  Table  I  of  /120  is  contained  in  this  section  as  Table  9-2 

Power  Supply  Currents 

The  power  supply  current  limits  were  established  to  encompass  all  device 
manufacturers  designs.  The  power  requirements  are: 


+15V 

-15V 

5V 

Micro  Networks 

28mA 

19*mA 

42mA 

Analog  Devices 

?(low) 

35mA 

1 

Hybrid  Systems 

16 

28 

51 

*6.3  mA  for  > 

external  reference  devices 

only. 

In  order  to  allow  all  vendors  to  supply  the  devices,  the  maximum  limits 
for  each  supply  were  adopted.  However,  a  power  dissipation  spec  of  1 
watt  maximum  was  added  to  limit  total  power.  Power  dissipation  is  calcu¬ 
lated  from  the  equation: 

PD  “  Vcc  Icc  +  Vee  lEE  +  vLOG  ILOG 

+  VREF  IREF* 

*For  external  reference  devices  only. 

Input  Logic  Voltage  Levels 

Logic  "1"  input  voltage  levels  is  +  2  V  minimum  and  Logic  "0"  input 
voltage  levels  is  +9.8  V  maximum,  typical  digital  logic  levels.  Inputs 
are:  S.C.  and  Clock. 
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Output  Logic  Voltage  Levels 


Output  logic  "1"  voltage  is  2.4  V  minimum  when  loaded  with  320  uA  (aoarce) . 
Output  logic  "0"  voltage  is  0.4  V  maximum  loaded  with  3.2  mA  (sink).  Out¬ 
puts  are:  12  address  outputs  E.O.C.,  and  SDO. 

Output  Short  Circuit  Current 

All  outputs  are  tested  with  a  short  circuit  applied.  Output  current 
shall  not  exceed  -  25mA. 

Input  Low  Current 

Input  low  current  is  the  maximum  sink  current  the  device  will  sink  with 
the  input  at  0  V. 

Input  High  Current 

Input  high  current  is  the  maximum  current  the  device  will  source  with  the 
input  voltage  at  +  5  V. 

Clock  Input  Pulse  Width 

Minimum  clock  input  pulse  width  is  specified  as  200  ns.  The  positive 
(logic  1)  portion  of  the  clock  pulse  must  be  equal  to  or  greater  than  200 
ns  wide  for  all  device  types. 

Conversion  Time 

The  maximum  value  of  conversion  time  represents  the  conversion  speed  which 
the  device  must  be  capable  of  at  rated  accuracy.  There  are  two  groups  of 
converters  lh  /120  which  differ  only  in  conversion  time:  device  types  OI¬ 
OS  can  convert  in  50  us  or  less,  and  device  types  09-16  can  convert  in  13 
us  or  less. 

Input  Resistance 

The  input  resistance  of  the  analog  input  is  different  for  each  manufac¬ 
turer,  as  shown  in  the  following: 


Device  Type 

Analog 

Devices 

Micro 

Networks 

Hybrid 

Systems 

Units 

01-04,  07-12,  15,  16 

5.0  ±2  57. 

6. 7  ±57. 

3.3±? 

K/U 

05,  06,  13,  14 

13  ±257. 

10  ±57. 

K  A- 
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Power  Supply  Sensitivity 

A  comparison  of  Che  power  supply  sensitivity  specification  Is  shown  In  the 


following  tables: 

External  ref  devices: 

Power  Supply 

Micro  Networks 

Analog  Devices 

Hybrid  Systems 

+  15V 

±  0.05  %/% 

±  0.02  7./7. 

- 

-  15V 

±  0.05 

0.02 

- 

Internal  ref  devices: 

Micro  Networks 

Analog  Devices 

Hybrid  Systems 

+  15V 

f  0.05  ?./% 

0.02  7./7. 

YffTT 


Table  9-2  Device  Specifications 


Input  Low 

Current  XIL  VIN  =  0  V  (digital  inputs) 
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Table  9-2  Device  Specifications  (Cone. 


9.4  Test  Development 


Automatic  testing  of  high  resolution  data  converters  (12  bits  or  more)  Is 
a  new  technology.  Implemented  by  very  few  users  and  manufacturers  at  this 
time.  In  particular,  characterization  testing  of  12>bit  A/D  converters 
is  complex,  for  several  reasons: 

o  The  quantity  of  data  required  to  absolutely  verify  performance  is 
staggering  (approximately  100,000  data  points  are  needed  to  verify 
linearity  and  differential  linearity  at  all  codes,  at  two  conversion 
frequencies,  at  two  supply  voltages,  and  at  three  temperatures,  for 
one  device). 

o  Unlike  many  D/A  converters,  A/D  converters  are  not  particularly  well- 
behaved,  and  superposition  errors  tend  to  negate  the  validity  of  ab- 
brevated  testing  (for  characterization,  at  least). 

o  Noise,  from  the  test  system,  the  test  circuit,  and  the  test  device  it¬ 
self,  interferes  with  the  required  precise  measurement  of  the  analog 
input  at  output  code  transitions.  Filtering  or  statistical  averaging 
is  usually  required  to  minimize  the  effects  of  noise.  Wiring  and 
grounding  noise  is  difficult  to  eliminate  in  circuits  which  employ  both 
digital  and  analog  signals. 

o  Measurement  of  precise  analog  signals  (0.1  LSB  =  0.00247.  for  a  12-bit 
converter)  requires  sophisticated  instruments  and  relatively  long 
settling  times  to  obtain  valid  data. 
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Several  phases  of  testing  MN5200  A/D  Converters  have  been  pursued  at 
Ordnance  Systems.  These  include: 


1.  Automatic  test  of  static  parameters  and  logic  signals 
using  S3260/70  static  test  adapter. 

2.  Bench  test  of  linearity  and  associated  parameters  using 
test  box  simulating  original  automatic  test  techniques. 

3.  Bench  test  of  linearity  using  cross-plot  method. 

4.  53260/70  autoratic  test  of  linearity  using  open  loop  direct  approach. 

5.  53260/70  automatic  test  of  linearity  using  closed  loop  dither 
approach . . 

Each  of  these  test  approaches  are  discussed  in  this  section  but  the  focus 
is  on  automatic  test  of  linearity,  method  5. 

Method  #1  -  Automatic  test  of  static  parameters 

Many  of  the  A/D  converter  parameters  are  not  particularly  difficult  to  test. 
For  example,  parameters  such  as  gain,  offset,  supply  drain,  supply  sensitiv¬ 
ity,  and  standard  logic  tests,  are  in  this  category.  Since  linearity  testing 
requires  complex  test  circuitry,  it  is  desirable  to  devote  one  test  circuit 
to  linearity  exclusively,  and  another  test  circuit  to  all  other  parameters. 
This  approach  minimizes  the  complexity  of  the  linearity  test  circuit  with 
the  accompanying  benefits  to  layout,  wiring,  and  grounding. 

A  test  adapter  was  developed  for  S3260/70  test  of  the  A/D  digital  inputs  and 
outputs,  as  well  as  other  static  parameters;  Table  9-3  lists  the  parameters 
tested.  Measurements  of  all  voltage  and  current  parameters  was  straight¬ 
forward  -  force  current/measure  voltage  or  force  voltage/measure  current. 

The  transition  and  propagation  time  measurements  were  performed  while  the 
outputs  were  loaded  with  the  circuit  illustrated  in  Figure  9-7. 

Two  functional  tests  were  also  performed  -  "start  convert"  pulse  width  check 
and  serial  output  to  parallel  output  check.  The  first  verified  that  the 
device  converted  properly  with  worst  case  timing  on  the  "start  convert" 
input.  The  second  test  stored  the  serial  output  as  the  device  converted  and 
compared  it  to  the  parallel  output  when  the  conversion  was  completed. 
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Table  9-3.  Static  test  parameters  for  characterization. 


Symbol 

Parameter 

Notes 

^S 

Output  short  circuit  current 

Test  each  of  12  bits 
plus  "E.O.C.",  "SO" 

ticl 

Input  clamp  current 

Test  "start  convert"  and 
clock 

V0H*  V0L 

Output  logic  voltage  levels 

Test  each  of  12  bits  plus 
"EOC",  "SO" 

I1H»  I1L 

Input  logic  current 

Test  "start  convert"  and 
clock 

■^■cc 

Supply  current  drain 

Test  3  supplies 

tTLH,  bfHL 

Large  transition  times 

Test  each  of  12  bits  plus 
"EOC",  "SO" 

tPLH*  tPHL 

Logic  propagation  delays 

Clock  to  each  bit,  to  EOC 
to  SO. 

Start  convert  pulse  check 

Verify  conversion  with 
min  pulse  width 

Serial  to  parallel  check 

Verify  SO  ■  Dl - Dl2. 

DOT 

OOTFOT 


464_n_ 


C  stray  “  40  pf,  parasitic  cap.  of  S3260/70 


Figure  9-7  a/d  Converter  Load  circuit 


Method  #2  -  Bench  Test  of  Linearity 


In  the  early  phase  of  this  A/D  test  development  program,  a  bench  test 
box  setup  was  developed  to  proof  out  an  analog  comparison/dither 
technique  for  measuring  A/D  linearity  errors.  Other  dither  methods 
were  later  refined  to  those  described  in  Method  #5,  and  the  bench  teat 
box  proofing  of  the  now-obsolete  approach  was  abandoned.  It  is  sum¬ 
marized  here  for  completness  in  presenting  the  total  test  development 
effort. 

Figure  9-8  shows  a  simplified  block  diagram  of  the  test  circuit  de¬ 
veloped  for  linearity  testing.  The  transition  to  be  tested  minus  l 
LSB  is  entered  into  the  An  register,  where  it  is  applied  to  the 
reference  DAC  and  a  digital  comparator.  The  digital  comparator's 
other  input  comes  from  the  device  under  test,  the  12  bit  A/D  con¬ 
verter.  The  latch  inserted  between  the  DUT  and  the  digital  comparator 
ensures  that  only  valid  data  is  applied  to  the  comparators,  i.e.  it 
is  strobed  when  an  end-of-convert  signal  is  received  from  the  ADC. 

The  digital  comparator  has  3  possible  outputs,  A^B,  A*B,  or  A?  B 
depending  on  the  relative  magnitude  of  the  transition  to  be  tested 
and  the  present  state  of  the  A/D  converter.  If  A<B,  the  input  to 
an  integrator  is  connected  to  +  5  volts  through  an  analog  switch. 

This  causes  the  integrator  to  ramp  downwards.  The  output  of  the  inte¬ 
grator  is  summed  with  the  analog  output  of  the  reference  DAC.  Since 
the  DAC  output  is  a  constant  DC  level  and  the  integrator's  output  is 
decreasing,  their  inverted  sum  is  rising,  which  forms  the  analog  input 
to  the  DUT.  The  DUT  input  voltage  <ill  continue  to  Increase  and  its 
digital  output  word  will  continue  to  decrease  until  the  digital  com¬ 
parator  decides  that  A*B  or  A>B.  When  this  happens,  the  analog 
switch  changes  state,  connecting  -5  volts  to  the  input  of  the  inte¬ 
grator.  This  causes  the  output  of  the  integrator  to  ramp  upwards. 

When  summed  with  the  DAC  output,  this  forces  the  DUT  input  voltage 
to  decrease,  which  increases  its  digital  output  word. 

In  this  way  it  can  be  seen  that  the  DUT  digital  output  word  locks 
onto  the  word  present  in  the  An  register,  and  cycles  between  A<CB 
and  a2L  B,  at  the  DUT  input  transition  voltage. 
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Figure  9-8  Block  Diagram  of  Test  Circuit,  Method  #  2 
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Method  #3  -  Cross -plot  Test  Method 


One  of  the  first  test  circuits  developed  in  industry  for  testing  bit 
accuracy  of  A/D  converters  is  the  cross-plot  test  method.  A  functional 
block  diagram  of  this  circuit  is  shown  in  Figure  9-9. 


Figure  9-9  Block  Diagram  for  Crossplot  Test  Circuit 

All  cross-plot  test  methods  use  a  voltage  dither  on  the  input  signal 
and  an  oscilloscope  to  display  the  converter  output.  In  the  test  circuit 
shown  in  Figure  9-9,  the  input  voltage  to  the  DUT  is  the  summation  of 
the  voltages  obtained  from  a  d.c.  voltage  standard  and  from  a  dither 
voltage  generator.  The  dither  voltage  serves  two  important  functions. 
First,  the  dither,  when  sutaned  with  the  D.C.  voltage  standard  output, 
causes  the  input  voltage  to  vary  about  the  fixed  d.c.  level.  Secondly, 
the  dither  is  amplified,  applied  to  the  horizontal  input  to  the  oscil¬ 
loscope  and  controls  the  horizontal  sweep  so  that  the  sweep  is  in  exact 
time,  phase  and  amplitude  synchronism  with  the  varying  input  signal  to 
the  DUT.  Thus,  as  long  as  the  average  value  of  the  dither  is  zero  and 
the  peak  amplitudes  remain  constant,  and  as  long  as  the  slope  of  the 
dither  is  less  than  0.1  LSB/converslon,  the  display  seen  on  the  oscil¬ 
loscope  will  remain  unchanged  irrespective  of  the  shape  of  the  dither  - 
the  dither  signal  may  be  sinusoidal,  triangular  or  sawtooth. 
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Sawtooth  dithers  used  by  GEOS  for  cross-plot  testing  are  shown  in 
Figures  9-10  and  9-11.  The  saaple/hold  circuit  between  the  dither 
generator  and  the  summing  amplifier  maintains  a  stable  voltage  at  the 
DUT  input  during  conversion.  The  voltage  amplitude  of  the  dither  is 
sampled  when  the  status  signal  is  low. 

The  output  to  the  oscilloscope  from  the  DUT  is  derived  from  output 
bits  B 1 1  and  B12  -  the  two  least  significant  bits.  Either  or  both 
of  these  outputs  may  be  a  logic  "0"  or  a  logic  "1",*  therefore  the 
vertical  input  to  the  oscilloscope  can  have  four  possible  voltage 
levels  -  0  V,  1/3  V,  2/3  V  and  IV  when  the  DUT  outputs  are  00,  01, 

10  and  11,  respectively.  When  the  dither  signal  has  the  equivalent 
peak-to-peak  voltage  of  8  LSB,  two  four-level  staircases  are  displayed 
on  the  oscilloscope.  When  the  oscilloscope  is  properly  adjusted  the 
vertical  centerline  represents  the  average  value  of  the  signal  at  the 
DUT  input.  The  vertical  voltage  at  the  centerline  defines  the  state 
of  the  OUT's  2  LSB's  when  the  dither  voltage  is  zero.  Figure  9-12 
shows  the  oscilloscope  display  obtained  with  a  well  behaved  A/D 
converter.  The  staircases  can  be  moved  left  or  right  by  varying  the 
d.c.  voltage  standard  output.  In  this  way  precise  measurements  can 
be  made  of  the  input  and  output  signal. 

Incorporation  of  a  positive  slope  and  a  negative  slope  dither  voltage 
demonstrates  hystersis  operation  of  the  A/D  Converter.  The  oscillo¬ 
graphs  in  Figure  9-12  and  9-13,  respectively,  demonstrate  the  be¬ 
havior  of  the  A/D  Converter  with  a  negative  slope  dither  and  with  a 
positive  slope  dither. 

The  differences  shown  in  Figures  9-12  and  9-13  can  be  explained  as 
follows  and  by  referring  to  Figure  9-1.  In  the  5200  and  5210  series 
converters,  the  current  that  flows  through  the  DAC  switches  comes 
from  the  +15  Vdc  supply.  When  a  current  switch  is  turned  on,  a 
positive  current  flows  through  the  switch  and  a  R-2R  ladder  network 
to  a  voltage  comparator.  A  positive  voltage  applied  to  the  input  of 
the  A/D  Converter  results  in  a  current  out  of  the  DAC  that  drives  the 
comparator  input  voltage  to  zero.  Conversely,  if  the  DAC  output  has 
a  negative  offset,  the  offset  must  be  compensated  for  by  a  positive 
voltage  at  the  converter  input,  resulting  in  an  apparent  positive 
input  offset  condition. 

Figure  9-13  shows  the  operation  of  an  A/D  converter  with  a  positive 
slope  sawtooth  dither.  In  this  figure,  the  center  line  of  the  oscil¬ 
loscope  represents  the  mid-point  of  the  converters  range.  The  full 
output  code-word  from  the  converter  is  1000  0000  0000.  Also,  the 
oscilloscope  sweep  moves  from  right  to  left.  In  Figure  9-12,  the 
code-word,  at  this  point,  is  0111  1111  1111.  and  the  oscilloscope 
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fo  “  20  Hz 

Figure  9-10  Sawtooth  Dither  With  Positive  Slope 


fo  “  20Hz 

Figure  9-11.  Sawtooth  Dither  With  Negative  Slope 
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DUT  -  5215  fcL  =  162  KHz 

Figure  9-12.  DUT  Output  at  Mid-range  With  an  Input 
Negative  Slope  Sawtooth  Dither 


OUT  -  5215  fCL  -  162KHz 

Figure  9-13.  DUT  Output  At  Mid-range  With  an  Input 
Positive  Slope  Sawtooth  Dither 
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sweep  moves  from  left  to  right.  Consider  the  operation,  shown  in 
Figure  9-13,  of  the  converter  as  the  sweep  moves  past  the  center  line 
to  the  left.  At  this  point,  the  converter  output  should  have  changed 
from  1000  0000  0000  to  0111  1111  1111,  since  the  input  voltage  has 
changed  polarity.  As  described  previously,  a  negative  offset  from  the 
DAC  will  result  in  a  positive  offset  at  the  input. 

Since  this  offset  is  not  constant,  it  must  be  developed  by  some  in¬ 
ternal  dynamic  condition  that  changes  as  the  polarity  of  the  dither 
slope  changes. 

The  current  switches  used  in  the  DAC  are  bipolar  transistors.  Assume, 
that  the  turn  off  times  of  the  transistors  are  faster  than  the  turn 
on  times.  Also  in  the  5200  and  5210  series  of  converters,  the  transi¬ 
stors  are  turned  off  when  the  output  bits  are  "1".  Thus,  as  the  output 
code-word  changes  from  1000  0000  0000  to  0111  1111  1111,  the  MSB 
transistor  turns  on  after  the  other  transistors  turn  off  and  an  interim 
state  exists  where  all  switches  are  momentarily  turned  off.  This 
will  result  in  a  large  negative  output  "glitch"  from  the  DAC,  and 
until  the  glitch  settles  to  zero,  a  positive  voltage  will  be  required 
at  the  input  of  the  converter  for  a  zero  condition  at  the  comparator 
input.  Therefore,  the  transition  between  1000  0000  0000  and  0111 
1111  1111  moves  to  the  left  (+)  because  of  the  negative  glitch.  The 
following  table  shows  the  conditions  that  exist  during  a  new  con¬ 
version  with  a  prior  code-word  of  1000  0000  0000. 


Converter  Operating  Conditon 

Prior  code-word  condition 
(  mid-range) 

Interim  condition 

Reset  condition 
Interim  condition 

MSB  decision 

Interim  condition 


Switch  Condition 
1000  0000  0000 


1111  1111  1111  (major  negative 
glitch) 

oni  mi  nil 

nil  nil  nil  (glitch  not 

settled  to  zero) 

-  -  (decision  based 

on  negative 
input  to  com¬ 
parator) 

1011  1111  1111  (no  glitch) 
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Converter  Operating  Condition 


Switch  Condition 


Bit  2  decision  - 

Bit  2  output  condition  1001  1111  1111 

----  Continued  operation  - 

Bit  12  output  condition  1001  0000  0000 

Note:  Interim  conditions  do  not  actually  appear  at  the  output  of 
the  DUT. 


When  the  sawtooth  dither  is  negative,  there  is  no  glitch  generated  as 
the  converter  switches  from  the  prior  code-word  0111  1111  1111  to  the 
reset  code-word  0111  1111  1111.  Since  the  switches  are  unchanged 
during  this  transition,  the  A/D  converter  is  well  behaved  at  the 
major  transition  as  the  input  voltage  crosses  the  mid-range  voltage 
level  from  +  to  -. 

The  following  table  shows  the  conditions  that  exist  during  a  new 
conversion  with  a  prior  code-word  of  0111  1111  1111. 

Converter  Output  Condition  Switch  Conditions 

Prior  code-word  condition  0111  1111  1111 

(  ?  mid-range) 

Interim  condition 

Reset  condition 

Interim  condition 

MSB  decision 


MSB  output  condition 
Interim  condition 
Bit  2  decision 

Bit  2  output  condlton  1011  1111  1111 

-  Continued  Operation  - 

Bit  12  output  condition  1000  000  000 


0111  1111  1111  (No  glitch) 

oin  ini  nil 

oni  nn  nil  (no  glitch) 

-  (Decision  based 

on  negative 
input  to  com¬ 
pare  tor) 

1011  1111  1111 

1011  nil  1111  (No  glitch) 


/ 


/ 


The  cross-plot  technique  can  be  used  to  measure  a)  bit  accuracy, 
b)  bit  linearity  error,  c)  differential  non-linearity,  d)  zero 
error,  e)absolute  accuracy,  f)  transition  noise,  g)  hysteresis, 
h)  missing  codes  and  i)  monotonicity.  Figures  9-14  through  9-17 
show  some  of  the  displays  obtained  using  the  cross-plot  measurement 
techniques.  Although  the  cross -plot  techniques  provide  excellent 
test  capability,  they  are  slow,  require  a  skilled  technician  and 
the  results  are  prone  to  subjective  interpretation. 


a)  Vee  -  -  15.25  V 


b)  Vee  -  -15.0  V 


c)  Vee  =  -15.75  7 

OUT  =  5215  .  fCI,  -  162  KHz,  Vin  =  +  10  V 

Figure  9-16.  DU'l  Output  Showing  The  Affect  of  Negative 

Power  Supply  at  Output  Code-word  0000  0000  0000. 
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Method  #4  Automatic  open  loop  linearity  test  method 


Several  of  the  techniques  investigated  by  GEOS  rely  totally  on  the 
measurement  or  comparison  of  digital  signals.  These  techniques  assume 
that  each  digital  code-word  has  an  exact  analog  voltage  equivalent 
(i.e.  for  measurement  purposes  in  Method  #4  a  commanded  18-bit  code¬ 
word  to  the  reference  DAC  produces  a  predetermined  analog  output 
voltage) . 

Since  the  DUT  full  scale  input  voltage  has  a  specified  .4%  maximum 
error,  for  a  OV  to  10V  DUT  the  required  input  voltage  could  be  as 
high  as  10.0375  V.  This  voltage  is  higher  than  the  maximum  output 
of  the  reference  DAC,  and  additional  analog  signal  processing  is  re¬ 
quired.  One  solution  to  this  problem  is  to  insert  a  gain  of  two 
amplifier  between  the  DAC  and  the  DUT.  The  amplifier  and  its  external 
resistors  must  be  extremely  precise,  since  1  LSB  is  0.00047.  of  full 
scale  in  an  18  bit  converter.  Offset  drift,  amplifier  noise,  and 
resistor  noise  all  contribute  to  the  measurement  inaccuracy.  Further, 
the  settling  time  of  the  amplifier  must  be  compatible  with  the 
dynamics  of  the  test  circuit. 

The  choice  of  a  gain  of  2,  rather  than  1.01,  is  for  the  convenience 
of  handling  the  digital  code  in  the  REF  DAC.  Admittedly,  this  in¬ 
creases  the  parasitic  effects  of  the  amplifier  in  the  test  circuit. 

A  compensating  times  two  gain  reduction  is  required  in  the  DAC  but 
this  can  easily  be  handled  digitally  by  the  automatic  tester.  Also 
the  offset  voltage  to  the  DUT  may  be  either  positive  or  negative. 
Because  of  this  the  reference  DAC  will  have  to  operate  in  a  bipolar 
mode,  even  if  the  DUT  is  a  unipolar  device.  Our  original  18-bit 
reference  DAC  now  has  16-bits  of  useful  voltage  magnitude. 

A  block  diagram  of  this  circuit  is  shown  in  FigureIX-l8.The  test 
circuit  was  not  constructed  by  GEOS .although  a  similar  technique  was 
developed  to  the  hardware  stage  in  1977.  In  this  approach,  the  re¬ 
ference  DAC  is  stepped  through  each  of  its  input  bits  one  bit  at  a 
time.  After  allowing  time  for  analog  voltage  settling  and  for  DUT 
conversion,  the  DAC  input  signal  and  the  DUT  output  signal  are  mea¬ 
sured  and  compared.  Each  time  the  DUT  output  changes,  both  the  DUT 
output  and  the  DAC  input  are  recorded.  The  approach  provides  a 
direct  measure  of  the  transition  voltage  for  each  bit.  From  these 
measurements,  linearity,  differential  non-linearity,  absolute  accuracy, 
zero  error,  missing  codes,  and  monotonicity  can  all  be  determined. 

With  this  approach,  the  theoretical  mechanization  error  is  1/16  of  a 
DUT  LSB.  As  with  all  approaches  investigated,  the  analog  type  errors 
are  expected  to  predominate. 
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Analog  input 


Figure  9-18.  Simple  Digital  Measurement  Technique 


Method  Automatic  Closed  Loop  Linearity  Test  Methods 

Three  closed  loop  methods  were  investigated  by  GEOS.  All  three  methods  use 
a  dither  that  locks  onto  a  threshold  representing  the  point  at  which  the  DUT 
output  code-word  is  equal  to  the  commanded  input  code-word. 

Any  A/D  test  method  must  focus  on  the  "transition  points"  (where  the  output 
code  changes)  since  a  transition  point  is  the  only  point  where  the  output 
code  and  the  input  voltage  have  unique  values.  (There  are  many  input  values 
for  one  output  code.)  A  test  circuit  which  varies  the  DUT  analog  input  until 
a  transition  is  detected  is  therefore  the  desired  goal. 

The  dither  signal  used  in  Methods  it 2  and  #3  previously  described  is  an  effec¬ 
tive  technique  to  vary  the  analog  input  about  any  desired  voltage  level  with¬ 
in  the  analog  input  range.  Whereas  the  dither  signal  in  the  crossplot  method 
required  a  magnitude  of  several  I.SB,  a  closed-loop  automatic  test  method  can 
effectively  employ  a  dither  signal  only  a  fraction  of  an  LSB  in  amplitude. 

The  first  of  these  three  methods  investigated  by  CEOS  is  a  digital  technique. 
The  dither  is  developed  digitally  and  all  measurements  are  digital.  The 
block  diagram  for  this  method  is  presented  in  Figure  IX-iy.  The  test  circuit 
was  not  constructed  by  GEOS. 

This  technique  is  similar  to  the  previously  described  approach  in  that  it 
uses  a  highly  accurate  reference  DAC  and  the  measurements  are  all  obtained 
from  the  digital  code-words.  However,  instead  of  programming  and  measuring 
some  65536  digital  code-words,  this  method  programs  only  the  4094  code-words 
required  by  the  DUT.  A  digital  error  signal  is  then  either  added  to  or 
subtracted  from  the  original  code-word.  The  resultant  12  bit  code-word  is 
then  applied  to  the  18-bit  reference  DAC,  and  the  analog  signal  to  the  DUT 
is  adjusted  to  the  level  required  to  achieve  the  proper  DUT  output. 
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Figure  9-19.  Digital  Dither  Measurement  Techni 


The  digital  error  signal  is  generated  by  an  up/down  counter  whose 
output,  together  with  the  comaanded  input  code-word.  Is  applied  to  a 
digital  adder.  Up/down  control  for  the  counter  is  supplied  by  a 
12-bit  digital  magnitude  comparator  that  compares  the  magnitudes  of  the 
DUT  output  end  the  commanded  input  code -word.  The  clock  pulse  for 
the  counter  is  obtained  from  the  DUT  status  (end -of -convert)  output  so 
that  each  status  pulse  steps  the  counter  either  forward  or  backward, 
in  accordance  with  the  state  of  the  up/down  control  line. 

The  following  is  an  example  of  the  operation  of  the  circuit  of 
Figure  9-19: 

1)  Digital  code-word.  A,  is  applied  to  the  12-bit  magnitude  com¬ 
parator  and  code  word  A/2  is  applied  to  one  input  of  the  18-bit 
adder. 

2)  If  we  assume  that  the  output  of  the  18-bit  up/down  counter  is 
zero  momentarily,  the  adder  output  will  be  code-word  A/2;  it 
is  applied  to  the  reference  DAC  input. 

3)  Because  of  the  gain-of-two  analog  amplifier,  the  voltage  at  the 
input  to  the  DUT  is  the  analog  equivalent  of  code-word  A. 

A)  A  DUT  code-word  output,  B,  is  obtained  by  converting  this  analog 
input.  Assume,  momentarily,  that  the  magnitude  of  this  output 
is  less  than  the  input  code-word,  A. 

5)  The  magnitude  comparator  outputs  will  be  high  ("1")  for  output 
A  >  B  and  low  ("0")  for  outputs  A4.B  and  A=B.  Since  output 

A  <  B  is  tied  to  the  up/down  Input  to  the  counter,  the  counter 
will  count  up  each  time  a  status  pulse  causes  a  low-to-high 
transition.  Therefore,  as  long  as  the  up/down  input  is  low  the 
counter  will  step  forward  one  count  with  each  DUT  conversion. 

6)  Since  the  code-word  A/2  and  the  counter  output  are  summed  in  the 
adder,  the  input  to  the  reference  DAC  will  change  in  such  a  way 
as  to  cause  the  DUT  output,  B,  to  increase. 

7)  When  the  reference  DAC  input  is  sufficiently  advanced,  the  DUT 
output,  B,  will  be  equal  to  A.  This  will  cause  the  magnitude 
comparator  output  A*B  to  go  high,  output  A  ^  B  to  go  low  and 
the  counter  will  step  backward  with  the  next  DUT  status  pulse. 

8)  From  this  point  on,  the  counter  will  step  forward  and  backward  with 
repetitive  changes  to  the  magnitude  comparator  output.  The  counter 
will  dither  between  the  conditions  A  and  A  ^  B.  The  voltage 

at  the  input  to  the  DUT  will  be  the  value  corresponding  to  the 
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transition  between  B-l  and  B.  If  the  magnitude  comparator  output 
A“B  is  ORed  with  the  output  A  >  B,  the  counter  will  dither  about 
the  condition  A>B  and  A<B.  The  average  value  of  the  DUT  input 
voltage  will  represent  the  transition  point  between  code-words  B 
and  B+l. 

The  second  closed  loop  method  is  one  of  two  methods  mechanized  by  CEOS 
for  this  characterization.  It  is  very  similar  to  Method  #2  previously 
described,  except  that  it  was  implemented  for  automatic  test.  This 
method  develops  an  analog  signal  error  as  opposed  to  a  digital  signal 
error.  The  error  signal  is  added  to  the  reference  DAC  output  so  as 
to  develop  a  precise  DUT  analog  input  voltage,  which  corresponds  to 
the  transition  between  two  adjacent  digital  output  code-words  B  and  B+l. 

The  functional  block  diagram  for  this  approach  is  shown  in  Figure  9-8. 

As  with  the  digital  dither  measurement  technnue,  a  digital  code  com¬ 
parator  is  used  to  develop  signal  outputs  of  A  B  and  A  >  B.  Instead 
of  controlling  an  up/down  counter,  these  signals  are  used  to  control 
the  polarity  of  a  current  applied  to  an  analog  integrator.  The  out¬ 
put  of  the  integrator  is  a  voltage  that  is  summed  with  the  reference 
DAC  output  and  applied  to  the  DUT  analog  input.  Since  the  polarity 
of  the  integrator  output  voltage  is  controlled  by  the  magnitude 
comparator,  the  DUT  input  voltage  is  forced  to  change  in  a  direction 
that  causes  the  output  to  approach  the  transition  point  between  code 
words  B  and  B+l,  When  the  error  is  sufficiently  small,  the  in¬ 
tegrator  output  voltage  will  dither  about  a  d.c.  level  that  is  pro¬ 
portional  to  the  error  of  the  DUT's  bit  transition  accuracy. 

Since  the  voltage  at  the  DUT  input  is  precisely  that  needed  to  es¬ 
tablish  the  DUT  output  bit  transition,  we  can  conclude  that  if  the 
reference  DAC  is  precisely  calibrated,  the  integrator  output  voltage 
is  proportional  to  the  error  signal  and  will  differ  only  by  the  gain 
of  the  summing  amplifier.  The  peak-to-peak  voltage  of  the  dither 
defines  a  region  wherein  the  amplitude  of  the  error  signal  lies. 
Therefore,  in  order  to  minimize  this  ambiguity,  the  peal-to-peak 
voltage  should  have  a  maximum  value  of  0.1  LSB,  This  results  in  a 
varying  voltage  that  has  a  slope  such  that  dv/dt  *10.1  LSB  conversion. 

The  slope  of  the  dither  is  measured  as  a  function  of  the  value  of 
the  LSB  and  the  time  required  to  complete  a  conversion.  Since  an 
LSB  can  be  either  2.44mV  or  4.88  MV,  and  since  the  conversion  test 
time  can  be  either  13  usee  or  50  usee,  four  different  integrators/ 
current  source  circuits  are  needed  in  order  to  maintain  a  constant 
dv  ■  0,1  LSB/converslon. 
dt 
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The  problem  with  this  approach  is  that  the  required  DUT  input  voltage 
may  be  the  equivalent  of  several  (16  max.)  LSBs  away  from  the  ideal 
output  level  of  the  reference  DAC.  The  integrator,  will  develop  the 
error  voltage  at  a  rate  of  .1  LSBs  per  conversion  and  may  require  as 
many  as  160  conversions  just  to  reach  the  region  of  the  error  voltages 
final  value.  The  number  of  conversions  required  in  order  to  settle 
to  the  final  error  value  can  be  reduced  by  increasing  the  value  of 
dv/dt,  however,  this  can  be  done  oply  by  sacrificing  measurement 
accuracy,  stability  and  repeatibility.  Because  of  these  problems 
and  other  layout  problems,  this  test  circuit  was  abandoned  for  the 
one  shown  in  Figure  9-20. 


Selected  Automatic  Test  Approach 


The  selected  approach  for  closed -loop  automatic  testing  of  the  A/D 
converter  is  referred  to  as  the  "binary  search  and  dither "method. 

The  test  circuit  presented  in  Figure  9-20  uses  an  analog  integrator  to 
develop  the  error  signal.  As  with  the  test  circuit  just  described, 
the  error  signal  is  summed  with  the  reference  DAC  output  and  applied 
to  the  DUT  analog  input.  The  DUT  outputtest  circuit  is  also  similar 
in  that  It  uses  a  magnitude  comparator  to  compare  the  commanded 
digital  code-word  A  with  the  DUT  output  code-word  B.  The  output 
signals  A  2  B  and  A  <  B  are  applied  to  a  binary  search  and  dither 
logic  circuit  which  controls  a  DAC 08  D/A  converter.  The  DAC08 
current  output  drives  the  analog  integrator  which  develops  the  error 
signal  to  be  summed  with  the  reference  DAC  output.  The  average  value 
of  the  DUT  input  voltage  will  represent  the  transition  point  between 
the  DUT  output  code-words  B  and  B+l. 


A  more  detailed  block  diagram  of  the  binary  search  and  dither  logic 
circuit  is  presented  in  Figure  9-21.  An  8-bit  D/A  converter,  operates 
in  the  bipolar  mode  and  is  used  to  source  a  current  to  the  integrator 
or  to  sink  a  current  from  the  integrator.  With  a  10  volt  reference 
applied  to  the  DAC08,  the  output  current  magnitude  can  be  varied  over 
a  range  from  +  l  mA  to  -  1  mA  in  7.8  uA  steps.  The  polarity  control 
to  the  DAC08  is  determined  by  the  output  of  the  magnitude  comparator. 

In  the  search  mode,  the  magnitude  of  the  DAC08  input  is  controlled 
both  by  a  shift  register  output  and  by  X-OR  gates.  The  shift  register 
established  the  absolute  magnitude  of  the  DAC08  input  for  negative 
output  currents,  and  the  X-OR  gates  are  used  to  complement  this  input 
for  positive  output  currents.  Since  the  complementing  function  is 
ones -comp lement ,  a  1  LSB  error  exists  between  similar  magnitude 
positive  and  negative  output  currents  from  the  DAC08.  This  complement¬ 
ing  function  is  used  only  in  the  search  mode  and,  therefore,  does 
not  introduce  errors  in  the  dither  mode. 


IX-39 


I 


I 


Latch 


Buffer 


The  binary  search  routine  commands  successively  decreasing  currents 
from  the  DAC08.  The  search  routine  begins  with  an  output  current  of 
0.5  mA,  absolute.  Each  time  the  output  of  the  magnitude  comparator 
changes  state,  the  DAC08  output  current  is  changed  in  polarity  and  is 
reduced  by  one  half  in  magnitude  until  it  has  an  absolute  value  of 
1  LSB  (7.8  uA) . 

At  this  point,  the  logic  circuit  automatically  switches  to  the 
dither  mode.  In  this  mode,  the  up/down  counter  is  activated  and  is 
used  to  control  the  output  current  of  the  DAC08 .  Each  time  the  output 
of  the  comparator  changes  state,  the  counter  is  reset  to  a  condition 
where  the  DAC08  output  is  zero.  The  new  state  of  the  comparator 
controls  the  up /down  control  line  of  the  counter.  The  counter  is 
then  pulsed  1  LSB  so  that  the  DAC08  input  is  either  1000  0001  or 
0111  1111.  This  corresponds  to  a  current  output  of  either  -  7.8  uA 
or  +  7.8  uA.  The  output  code-word  of  the  DUT  will,  therefore,  dither 
between  code-words  B  and  B+l.  The  rate  of  change  of  the  input  analog 
voltage  about  the  desired  d.c.  level  is  ±  0.1  LSB  per  conversion. 

If  the  comparator  output  does  not  change  state,  the  counter  will  not 
be  reset.  Then  each  time  the  counter  is  pulsed,  the  magnitude  of 
the  rate  of  change  of  the  input  analog  voltage  to  the  DUT  will  in¬ 
crease  by  0.1  LSB.  When  the  comparator  output  finally  does  change, 
this  magnitude  will  reset  to  0.1  LSB  per  conversion. 

The  following  is  an  example  of  the  operation  of  the  above  circuit. 
Block  diagrams  of  the  test  circuit  are  presented  in  Figure  9-20  and 
9-21.  Examples  of  the  integrator  output  are  shown  in  Figures  9-22 
and  9-23. 

a)  Digital  code-word  A  is  simultaneously  applied  to  the  12-bit 
magnitude  comparator  and  to  the  12  MSBs  of  an  18-bit  DAC.  The 
lower  six  bits  are  tied  low.  A  logic  "1"  is  applied  to  the  shift 
register  serial  input  and  a  logic  "0"  is  applied  to  the  shift 
register  clear.  This  sets  up  the  circuit  to  operate  in  the  search 
mode . 

b)  On  the  shift  register,  the  clear  input  is  then  driven  high,  a 
pulse  is  applied  to  the  clock  input  line  and  the  serial  input 

is  then  driven  low.  This  sets  the  QA  output  of  the  shift  register 
to  logic  "1"  and  all  other  outputs  to  logic  "0".  The  load  tines 
to  the  up/down  counter  now  have  an  input  code-word  X100  0000. 

The  MSB  state  is  determined  by  the  output  of  the  magnitude  com¬ 
parator.  Since  the  up/down  counter  is  held  in  a  load  condition, 
the  parallel  output  lines  have  the  same  code-word,  X100  0000  and 
the  counter's  clock  line  is  inhibited. 
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Figure  9-22.  OUT  Analog  Input  Voltage  During  Search  Mode 
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Figure  9-23.  DUT  Analog  Input  Voltage  During  Dither  Mode 
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c)  If  we  assume  that  the  OUT  output  B  momentarily  is  greater  than 
input  code-word.  A,  then  the  ORed  magnitude  comparator  outputs 
A  ^  b  will  be  logic  "1". 

d)  This  will  cause  the  MSB  of  the  up/down  counter  to  be  logic  "1" 
and  the  control  line  to  the  X-ORs  to  be  logic  "0".  The  DAC08 
input  code-word  will  be  1100  0000,  and  the  output  circuit  will 
s Ink  0.5  mA .  ( ie :  64  x  7.8  uA)  . 

e)  This  will  cause  the  integrator,  and  thus,  the  DUT  input  to  slew 
to  a  more  positive  voltage.  As  a  result,  the  value  of  OUT  output 
code  word,  B,  will  decrease.  The  high  current  output  of  the 
DAC08  will  force  the  output  of  the  DUT  to  change  at  a  rate  of 
6.4  LSBs  per  conversion.  Figure  22  illustrates  the  waveform  of 
the  analog  input  to  the  DUT  during  the  search  and  dither  routines. 
The  top  trace  shows  the  DUT  status  output.  The  center  trace  shows 
the  end  of  search  signal,  and  defines  the  point  at  which  the 
circuit  switches  from  the  binary  search  mode  to  the  dither  mode. 

f)  When  the  comparator  output  changes  state,  the  MSB  load  line  to 
the  up/down  counter  changes  state,  the  control  input  line  to 
the  X-ORs  changes  state,  a  clocking  pulse  is  developed  by  the 
digital  differentiator  and  is  applied  to  the  clock  input  of  the 
shift  register.  The  code-word  loaded  into  the  up/down  counter 
is,  therefore,  0010  0000. 

g)  Since  the  X-ORs  are  set  to  complement  their  signal  line  input, 
the  code-word  applied  to  the  DAC08  input  is  0101  1111  and  the 
output  circuit  will  source  .258  mA.  (ie:  33  x  7.8  uA) .  (The 
l  LSB  error  is  due  to  l's  complement  of  the  code-word.  This 
error  occurs  only  in  the  search  mode.) 

h)  The  new  current  output  from  the  DAC08  will  force  the  integrator 
output,  and  thus,  the  DUT  input  to  decrease.  This  results  in  an 
increasing  DUT  output  signal.  However,  where  as  the  DUT  output 
was  previously  decreasing  at  a  rate  of  6.4  LSBs  per  conversion, 
it  is  now  increasing  at  a  rate  of  3.3  LSBs  per  conversion. 

i)  Each  time  the  comparator  changes  state,  the  logic  "1"  at  the 
shift  register  output  is  right  shifted  one  place,  the  direction 
of  the  DUT1 8  changing  output  is  reversed  and  the  rate  at  which 
the  output  changes  is  reduced  by  half  until  the  logic  "1"  has 
shifted  to  the  last  output  line. 
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1)  Each  time  the  comparator  changes  state,  the  logic  "1"  at  the 
shift  register  output  is  right  shifted  one  place,  the  direction 
of  the  DUT's  changing  output  is  reversed  and  the  rate  at  which  the 
output  changes  is  reduced  by  half  until  the  logic  "1"  has  shifted 
to  the  last  output  line. 

j)  At  this  point,  the  shift  register  output  sets  up  the  circuit  that 
automatically  changes  the  circuit  from  the  search  mode  to  the 
dither  mode  as  follows: 

1)  The  clock  input  line  to  the  shift  register  is  inhibited  and 
the  register  outputs  remain  fixed  until  a  clear  signal  is 
applied . 

2)  The  up/down  counter  load  control  is  released  and  is  now 
activated  each  time  the  output  of  the  magnitude  comparator 
changes  state.  The  counter  clock  line  can  now  be  activated 
by  the  low-to-high  transition  of  the  status  signal. 

3)  The  X-OR  gates  are  held  in  a  state  that  allows  the  gates  to 
pass  the  counter  outputs  directly  to  the  DAC08. 

4)  The  MSB  load  line  to  the  counter  is  held  in  a  logic  "1" 
state  and  the  seven  LSB  load  lines  are  held  in  a  logic  "0" 
state. 

k)  In  the  dither  mode,  each  transition  of  the  magnitude  comparator 
output  causes  the  code-word  1000  0000  to  be  parallel-loaded 
into  the  up/down  counter  during  the  time  that  the  status  is  low. 
This  code-word  is  applied  to  the  DAC08  which  results  in  zero 
current  at  the  DAC08  output. 

l)  When  the  status  goes  from  low  to  high  the  counter  will  be  clocked 
one  bit.  If  the  up/down  control  line  is  low  the  new  output  code¬ 
word  is  1000  0001.  If  the  up/down  control  line  is  high  the  new 
output  code-word  is  0111  1111.  Thus,  the  DAC08  output  current 

is  either  -  7.8  uA  or  +  7.8  uA ,  equivalent  to  a  1  LSB  output 
current . 

m)  If  the  nagnitude  comparator  output  changes  state  with  each  con¬ 
version,  the  code-word  to  the  DAC08  oscillates  between  1000  0001 
and  0111  1111,  the  magnitude  of  the  rate  of  change  of  the  input 
analog  voltage  will  oscillate  between  +  .1  LSB  and  -  .1  LSB  and 
DUT  will  oscillate  between  output  code-words  B  and  B+l.  Figure  23 
shows  the  analog  input  to  the  DUT  during  a  single  conversion  while 
the  test  circuit  is  operating  in  the  dither  mode. 
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All  of  the  bit  accuracy  and  bit  linearity  methods  described  herein 
measure  the  transition  points  between  DUT  output  code-words  B  and 
(B+l) .  For  a  12 -bit  converter  there  are  4095  transitions,  and  therefore, 
4094  LSBs  between  the  first  and  the  last  transition.  In  the  closed 
loop  techniques,  the  first  transition  is  measured  by  addressing  bit  (0) 
and  the  last  transition  by  addressing  bit  (4094).  If  the  measured 
voltages  are  Vm(0)  and  vm(4094)  respectively,  the  average  slope  of  the 
gain  curve  is  (Vm(4094)  -  Vm(0))  /4094.  Sine  the  ideal  gain  ex¬ 
pression  has  the  form  y  =  mx  +  b,  where 

y  =  the  ideal  input  voltage  (Vi)  to  the  DUT 

x  =  programmed  code=vord  that  corresponds  to 
voltage  (Vi) . 

b  =  the  ideal  voltage  Vb  for  x  “  0 

m  *  (Vm(4094)  -  Vm(0) ) /4094 , 

then  Vi  =  (Vm(4094)  Vm(0))/4094  x  +  Vb 

The  adjustment  technique,  used  by  Micro  Networks,  places  the  first 
output  code  transition  1  LSB  from  the  most  negative  voltage  in  the 
full  scale  range  (ie:  between  code-words  1111  1111  1110  and  1111  1111 
1111)  and  last  output  code  transition  1  LSB  from  the  most  positive 
voltage  in  the  full  scale  range  (ie:  between  code-words  0000  0000 
0000  and  0000  0000  0001) .  For  the  measurement  technique  used 
by  GEOS  the  value  of  x  in  the  gain  equation  is  N,  When  N  =  0, 

the  measured  voltage  at  the  DUT  input  is  Vm(Q) .  Substituting  these 
values  into  the  gain  formula  yields 

Vm(0)  =  (Vm(4094)  *  Vm(0))/4094  (0)  +  Vb. 

From  this,  Vb  =  Vm(0) 

and  the  ideal  gain  expression  can  be  written  as 

Vi  -  (Vm(4094)  -  Vm(0))  (N)  +  Vm(0) 

40  94 

The  linearity  error  (E(n)  can  be  determined  at  any  bit  by  subtracting 
the  value  of  Vi  from  Vm(n) ,  where  Vm(n)  is  the  measured  input  voltage 
for  bit  (N) .  Thus , 


E(N)  “  (Vm(N)  -  Vi)  ,  volts 
or  expressed  in  LSB 


E(N)  “  Vm(N)  "  Vj  LSB 

(vm(4094)  '  Vm(0))^094 


Assessment  of  the  Selected  Automatic  Test  Approach 

GEOS  experience  with  the  "binary  search  and  dither"  test  method  has 
been  very  favorable  at  the  time  of  this  writing.  Inspection  of  the 
analog  input  waveforms  shown  in  Figures  9-22  and  9-23  show  a  typical 
peak-to-peak  noise  level  of  approximately  .25  LSB. 

Using  a  Fluke  8502A  DMM  any  number  of  samples  can  be  taken  for  a 
selected  code  transition  and  the  min/max  values  or  the  transition 
voltage  can  also  be  recorded.  Observations  show  that  variations  in 
threshold  are  typically  very  small,  less  than  .01  LSB,  and  repeat¬ 
ability  of  data  is  excellent. 

All-codes  bench  data  was  taken  for  one  MN5216  device  using  bench 
test  equipment  and  manually  inserting  the  commanded  code.  Results 
of  this  testing  are  discussed  further  in  Section  9-7. 

Test  Adapter  Construction 

Design  and  construction  of  the  test  adapter  required  the  utmost  £  n re 
because  of  the  mixture  of  high-speed  digital  logic  circuits  and  highly 
accurate  low  level  and  high  level  analog  circuits.  In  order  to  elim¬ 
inate  the  effect  of  code-dependent  digital  ground  currents  on  the 
analog  signals,  separate  ground  planes  were  used  for  the  digital 
circuits  and  the  analog  circuits.  Separate  voltage  regulators  were 
used  to  power  the  digital  circuits  and  the  analog  circuits.  These 
regulators  were  powered  by  external  ±20  Vdc  and  +10  Vdc  power  supplies. 
In  addition,  large  tantalum  capacitors  were  used  at  the  input  of  each 
regulator  to  eliminate  clock  frequency  cross  talk  between  digital  and 
analog  signals. 

The  power  supply  return,  clock  signal  return  and  each  ground  plane  are 
connected  separately  to  a  unipoint  ground  located  at  the  DUT  ground 
pin.  Also,  in  an  effort  eliminate  pick  up  noise  and  line  drops  asso¬ 
ciated  with  coupling  analog  circuits,  the  output  connections  of  the  op 
amp  feedback  resistors  were  remotely  connected  to  their  respective 
loads . 
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Dynamic  test  parameters 

Test  parameters  measured  while  the  DUT  is  operating  in  continuous 
conversion  mode  comprise  a  list  of  dynamic  test  parameters  for  char¬ 
acterization.  These  test  parameters  are  listed  in  the  following: 


Symbol 

Parameter 

Notes 

PSS1 

Power  supply  rejection 

(VCc) 

Measured  at  V„  a  "0"s  & 
V0  =  "l"s 

PSS2 

Power  supply  rejection 

(VCc) 

Measured  at  VD  =  "0"s  & 
V0  “  "l"s 

PSS3 

Power  supply  rejection  (Vi0g) 

Measured  at  V0  ■  "0"  & 
VQ  ■*  "l"s 

VI0 

Unipolar  offset  error 

At  first  transition 
nearest  =  0 

BPOE 

Bipolar  offset  error 

At  transition  of  codes 
0000  0000  0000  & 

0000  0000  0001 

VFSE 

Absolute  accuracy  (gain 

error) 

At  vmax  last  transition 

LE 

Linearity  Error 

All  transitions 

MCE 

Major  carry  error 

All  major  carry  transi¬ 
tions 

Nf 

Noise 

At  transition  of  codes 
0111  1111  1111  & 

1000  0000  0000 
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9. 9  Test  Results  and  Data 


9.5.1  Discussion  of  Static  Test  Data  (Method  #1) 

Static  tests  were  performed  on  the  following  device  types: 


Quantity  Type 


Mfr.  Code 


2  5204  A 

2  5212  B 

1  5213  B 

1  5216  C 


Virtually  all  data  was  within  the  specified  limits.  Representative 
data  for  each  device  type  shown  above  is  contained  in  the  Appendix, 
Table  9-4  .  A  brief  discussion  of  the  parameters  follows. 

Output  short  circuit  current  (Ins) 

All  data  for  the  14  digital  outputs  (serial  and  parallel  outputs, 
plus  EOC)  is  well  within  limits.  Changes  with  temperature,  are  not 
particularly  significant  ( i  157.  typical).  The  maximum  current 
observed  was  -2.35  mA,  at  -55®C,  compared  to  a  limit  of  -25  mA.  A 
limit  of  10  mA  would  easily  accommodate  the  device  performance,  based 
upon  this  small  sample  of  data. 

Input  breakdown  current  (Iibk) 

All  data  for  the  "start  convert"  and  "clock"  inputs  is  orders  of 
magnitude  below  the  limit  of  1  nA.  This  is  not  unusual,  since 
junction  leakage  currents  are  normally  very  low  until  a  breakdown 
condition  occurs. 


Digital  outputs,  logic  levels,  VoL»  Vqh 


For  Vol»  *11  data  is  within  the  limit  of  300  mV,  with  a  maximum 
value  of  235  mV  occurring  at  +125°C. 

For  Vqh»  all  data  is  within  the  limit  of  4.5  V,  with  a  maximum  value 
of  3.44  V  occurring  at  +  125°C. 
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Logic  input  currents  Ijh>  IiL 

For  IIH,  all  data  is  within  the  limit  of  20  uA,  with  a  maximum  value 
of  8.78  uA  occurring  at  +125®C. 

For  Iil»  all  data  is  within  the  limits  of  -440  to  -50  uA,  with  a 
range  of  -430  to  -194  uA . 

Based  upon  the  data  from  this  small  sample  size,  the  limit  of  -490  uA 
may  not  be  adequate  for  all  devices. 

power  supply  current  drain  (Icc) 

For  the  +5  V  supply,  all  data  is  within  the  limit  of  75  mA,  with  a 
maximum  value  of  42.6  mA  occurring  (3  -55°C  for  manufacturer  C.  A 
power  supply  voltage  of  5o  V  was  used  for  the  testing. 

For  the  +15  V  supply,  the  following  distribution  of  data  was 
observed  (limit  =  50  mA  6  15 V,  data  taxer,  at  15-75V). 


Mfr . 

Max  Value 

Temp 

A 

4.75  mA 

-55°C 

B 

26.4  mA 

+125“C 

C 

48.1  mA 

All 

For  the  -15V  supply,  the  following  distribution  of  data  was  observed 
(limit  =  -50  mA  &  IpV,  uata  taxer.  at-lp.T?’/;. 


Mfr. 

Max  Value 

Temp 

A 

-15.7 

-55°C 

B 

-14.2 

+25°C 

C 

-25.4 

-55°C 

The  differences  among  manufacturers  are  expected,  due  to  choice  of 
either  +15  V  or  -15  V  for  developing  the  internal  reference  voltage 
and  other  internal  circuitry.  Since  an  internal  reference  device 
was  not  available  from  manufacturer  A,  further  differences  can  be 
expected  for  that  device  type  group.  The  power  dissipation  speci¬ 
fication  in  Table  I  of  /120  limits  the  device  dissipation  to  0.8  W 
for  external  reference  device  types,  and  1.0  W  for  internal  reference 
device  types.  This  parameter  is  calculated  from  power  supply  cur¬ 
rents. 
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Power  dissipation  calculated  from  the  Icc  data  is  shown  in  the  fol¬ 
lowing  table. 


Rise  time. 


s/n 

Mfr 

Ref 

Max  Dissipation 

12 

A 

ext 

410  raw 

13 

A 

ext 

516 

9 

B 

int 

902 

10 

B 

int 

642 

11 

B 

ext 

543 

14 

int 

896 

digital  outputs  (t^L^) 


(wer  temp) 


All  data  is  within  the  limits  of  5.0  to  60  nsec,  although  the  maximum 
data  value  of  58.5  nsec  at  +125° C  is  near  the  limit. 


Fall  time,  digital  outputs  (^THL) 


All  data  is  within  the  limits  of  2.0  to  30  nsec,  with  a  maximum  value 
of  21.3  nsec  occurring  at  -55°C. 


Propagation  time  (tpLR) 

All  data  is  within  the  limits  of  20  to  160  nsec,  with  a  maximum  value 
of  103  nsec  occurring  at  +•  125° C. 


Propagation  time  (tpm.) 

All  data  is  within  the  limits  of  20  to  160  nsec,  with  a  maximum  value 
of  98  nsec  occurring  at  25°C. 


"Start  convert"  pulse  width  (PWsc) 

All  devices  responded  to  a  "start  convert"  pulse  having  the  minimum 
pulse  width  of  200  nsec. 

Clock  input  pulse  width  CPWclk1) 

All  devices  performed  normal  conversions  with  a  clock  input  pulse 
width  of  200  nsec,  the  minimum  value. 
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9.5.2  Discussion  of  Cross  Piet  Test  Data  (Method  #3) 


Initial  characterization  of  the  5200  series  A/D  converter  was  begun 
by  measuring  the  dynamic  test  parameters  with  a  cross-plot  test 
adapter.  Although  the  cross-plot  test  method  is  an  excellent  means 
of  determining  converter  characteristics,  it  is  a  slow  and  tedious 
test  method  where  precision  measurements  are  required.  Consequen¬ 
tially,  only  a  relatively  few  data  points  have  been  measured. 

Data  was  obtained  by: 

o  setting  each  bit  high  one  at  a  time  with  all  other  bits  low, 

o  setting  in  all  combinations  of  the  first  four  bits  with  the 
8LSBs  low, 

o  setting  the  first  four  bits  high  and  setting  each  remaining 
bit  high  one  at  a  time  with  the  remaining  7T,SBs  low. 

In  addition,  major  carry  differential  linearity  measurements  were 
made  between  each  major  carry  transition  and  both  the  bit  transi¬ 
tion  below  the  major  carry.  Also,  absolute  end-point  error  mea¬ 
surements  were  made  as  well  as  the  zero  error  measurements.  Tables 
9-5  through  9-9,  in  the  appendix,  show  typical  characterization 
data  obtained  on  a  5212  A/D  converter  using  the  cross-plot  technique. 


9.5.3  Discussion  of  Automatic  Test  Data  (Method  ^5) 

At  the  time  of  this  writing,  GEOS  is  evaluating  its  automatic 
tester  for  measuring  all  codes  bit  linearity  data  on  12-bit  5200 
series  A/D  converters.  Measurements  of  linearity  data  are  in  pro¬ 
cess.  Also,  complete  analysis  and  correlation  of  this  data  with 
the  Micro  Networks  data  is  also  in  process. 

GEOS  has  presented,  in  Figure  9-24,  a  plot  of  linearity  data  re¬ 
ceived  from  Micro  Networks,  with  their  permission.  The  linearity 
plot  includes  the  error  measurements  made  on  all  4095  bit  transi¬ 
tions  and  is  typical  of  the  data  received  from  Micro  Networks  on 
five  5216  devices. 

By  using  the  test  adapter  developed  for  the  S3270  Automatic  Test 
Set,  in  a  bench  test  configuration,  GEOS  has  confirmed  the  general 
pattern  of  the  curve  and  has  been  able  to  initially  correlate  GEOS 
data  to  many  of  the  Micro  Networks  data  points.  A  plot  of  the  data 
taken  by  GEOS  is  shown  in  Figure  9-25.  Figure  9-25  is  a  plot  of 
each  64N  and  64N  ±  1  code-words,  where  H  *  0*^64. 
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Using  these  test  points  only,  most  of  the  high  positive  and  high 
negative  error  measurements,  shown  in  Figure  9-24  are  duplicated 
in  Figure  9-25  at  test  point  code-words  64N-1. 


9.6  Discussion  of  Results 


The  static  test  parameters  shown  in  Table  9-3  is  a  list  of  standard 
test  parameters  required  for  digital  device  conformance.  The 
limits  for  these  parameters  are  standard  digital  logic  for  the 
respective  test  parameters.  All  of  the  devices  tested  met  the 
test  limits  of  the  tests  listed  in  Table  9-3.  The  test  for  input 
logic  current  (Ijl)  was  the  only  parameter  with  measurements 
close  to  the  test  limit. 

The  dynamic  test  parameters  listed  in  section  9.5  are  a  list  of 
those  parameters  that  affect  the  conversion  accuracy  and  linearity 
of  the  device.  Testing  is  not  complete  at  this  time.  The  plots 
shown  in  Figures  9-24  and  9-25  show  data  plotted  from  linearity 
measurements.  The  largest  variations  in  linearity  accuracy  occur¬ 
red  at  digital  code-words  64N-1.  Therefore,  any  set  of  abbreviated 
tests  will  have  to  examine  these  code-words.  The  data  taken  by 
Micro  Networks  and  GEOS  is  similar  in  the  pattern  of  the  errors, 
however,  closer  examination  of  this  data  is  required  before  data 
correlation  can  be  established.  Because,  of  the  effect  of  both 
power  supply  and  temperature  on  the  device  accuracy  and  linearity, 
additional  data  analysis  is  required  for  correlation,  lable  9-9 
shows  the  effect  of  power  supply  and  temperature  variations  on 
zero  error,  and  end-point  absolute  error. 
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Figure  9-25.  Plot  of  Linearity  (  Data  by  GEOS 


.7  Slash  Sheet  Development 

The  usual  approach  to  specifying  a  linear  device  in  a  JAN  38510  slash 
sheet  is  to  design  a  test  circuit,  compatible  with  most  automatic  test 
systems,  suitable  for  testing  at  least  100%  test  parameters.  Table 
III  of  the  specification  is  developed  to  define  the  specific  test  steps 
and  test  limits  for  that  test  circuit.  The  device  manufacturer  has  to 
either  use  that  test  circuit  and  procedure,  or  prove  that  his  is  equiv¬ 
alent,  at  the  time  when  he  submits  devices  for  qualification. 

In  several  meetings  of  the  JC-41  5200/5210  A/D  Converter  Subcommittee, 
it  has  become  apparent  that  this  classical  approach  may  not  be  appro¬ 
priate  for  linearity  testing.  Each  manufacturer  has  developed  his  own 
approach  to  testing  linearity  of  A/D  Converters,  and,  due  to  differences 
in  test  systems,  each  cannot  implement  identical  test  circuits.  One 
manufacturer  typically  uses  a  manual  test  using  test  box  adapters  which 
interface  with  bench  instruments.  Recently,  this  manufacturer  has  also 
developed  automatic  test  capability,  other  manufacturers  also  are 
going  through  evolutionary  development  of  test  capability.  Proving 
equivalence  to  one  common  test  circuit  developed  for  the  slash  sheet 
would  be  a  difficult  task. 

At  an  Aug  12  '80meeting  of  the  5200  Subcommittee,  it  was  proposed  that 
a  method  of  proofing  test  validity  be  adopted  whereby  manufacturers 
would  test  a  set  of  "correlation  devices"  and  submit  correlation  data. 
Manufacturer  data  would  have  to  agree  with  data  established  by  RADC/ 

DESC  (via  the  U.S.  Bureau  of  Standards,  or  some  other  certified  test 
activity) ,  on  those  devices.  A  set  of  "proof  devices"  would  be  tested 
first  to  determine  that  the  tester  will  not  cause  the  device  under  test 
to  fail.  Other  more  routine  parameters  would  be  specified  and  tested 
in  the  usual  manner.  At  the  time  of  this  writing,  this  correlation 
approach  is  still  being  developed. 
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Conclusions  and  Recommendations 

The  characterization  of  the  MN5200/5210  family  is  nearing  completion 
at  the  time  of  this  writing.  The  S3270  automatic  test  adapter  has 
been  proofed  on  the  bench, and  linearity  errors  for  all  codes  has 
been  taken  on  one  device.  Test  software  will  soon  be  complete  and 
debugging  on  the  test  system  will  begin.  The  correlation  of  GE 
and  Micro  Networks  data  demonstrated  in  Figures  9-24  and  9-25  is 
very  encouraging. 

Testing  with  the  cross -plot  method  will  be  refined  to  accept  clock 
frequencies  in  the  range  of  1  MHz. 

It  is  anticipated  that  incorporation  of  the  correlation  approach 
to  specify  linearity  testing  in  Mil-M-38510/120  will  require 
further  effort,  as  well  as  cooperation  from  device  manufacturers. 

When  these  hurdles  are  overcome,  the  first  slash  sheet  for  a 
complex  hybrid  12-bit  A/D  converter,  including  automatic  test,  will 
be  issued.  This  will  pave  the  way  for  future  slash  sheets  for  even 
more  complex  LSI  and  hybrid  devices. 


Without  the  final  characterization  data,  GE  is  not  yet  in  a  position 
to  make  recommendations  regarding  the  suitability  of  this  device 
family  for  / 120. 

However,  widespread  industry  useage  in  military  systems,  including 
GE  Ordnance  Systems  equipments,  testify  to  the  device  performance. 
Indeed,  all-codes  data  over  the  military  temperature  range  will 
provide  a  stronger  data  base  for  device  proofing,  as  well  as  a 
test  approach  and  specification  approach  for  similar  devices  of 
the  future. 
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Table  9-4.  Test  Data  Using  Test  Method  #1 
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Table  9-4.  Test  Data  Using  Test  Method  #i 
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Table  9-4.  Test  Data  Using  Test  Method  #1 
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Table  9-4.  Teat  Data  Using  Test  Method  #1 
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TABLE  9-5 


BIT  ERROR  DATA  (mow-I.  IMF  ARTTY)  DEVICE  TYPE  5212 


for  dev  iff 

S/M  9  -ti 

25  DFORFFS  C 

(RAwriF  = 

20.00  VOLTS) 

( V+MAXs 

10.  conn  vnt. 

r  s  t 

TEST 

DECIMAL 

Mp  ASliRFD 

IDEAL 

BIT 

•INI  TS 

addr 

V  AU'F 

value 

ERROR 

t 

1  .000 

P  .  PPSAO 

9.99512 

9B.8 AM 

LSR 

P 

P.OO0 

9.49PS0 

9.990P3 

464. 1M 

LSR 

A 

u.ooo 

9.9B2P0 

p. 98047 

A54.5M 

L3H 

4 

«  .  (I on 

P.PAlSO 

9.9A094 

115. 2* 

LSB 

S 

1  A  .  o  o 

P. PPPSO 

P.PP1 BP 

127. 9M 

L9B 

A 

A?. 00 

p .  p  n a  i  o 

P.PPA7S 

71 .69M 

LSB 

7 

A  4  .  0  0 

P.AP770 

P. AB7S0 

41 ,03M 

LSB 

H 

1  ?P.O 

P. A7A00 

P. A7S00 

204. 9M 

LSB 

9 

P5A.0 

P.7S0S0 

P. 75000 

10P.3M 

LSB 

1  0 

SI  ?.0 

7 .S0070 

7 .50000 

145. 4M 

LSB 

1  1 

7AX.0 

h.PSOOO 

A. 25000 

0.000 

LSB 

1  P 

1  .0  ?4K 

S.ooopo 

S. 00000 

40.92M 

LSB 

1  A 

1 .PHOK 

A. 7S0A0 

3.75000 

61.43M 

LSR 

1  4 

1 .5  A*« 

P.Soobo 

2.50000 

163. 9M 

LSB 

1  s 

1 . 79P* 

1  .PSOPO 

1 .PSOOO 

1B4.4M 

LSR 

1  A 

2 . 0  4  H  K 

Soo.onoii 

0.00000 

102. 3M 

LSB 

t  7 

p .  A  o  a  « 

-1 . papao 

-1 .25000 

122. 9m 

LSB 

1  « 

P.SAOK 

-P'lP.PAOM 

-2.50000 

460.(5 

LSB 

1  9 

P • P 1 AK 

-A. 74940 

-3.75000 

122. 9M 

LSB 

20 

A.07PK 

-S. 00000 

-5.00000 

0.000 

LSB 

PI 

A. A2PK 

-A. PSOPO 

-A. 25000 

-1 B4.4M 

LSB 

PP 

A. 5H4K 

-7. uPPSO 

-7.50000 

102. SM 

LSB 

PA 

A  .  R  <1  0  * 

-R . 74950 

-B. 75000 

102. 3M 

LSB 

P4 

A. PARK 

-p. A7ai o 

-P.37500 

1B4.4M 

LSB 

?s 

A .  p  o  a  k 

-p. OAPPO 

-9.06250 

-B2.03M 

LSB 

PA 

A.P7PK 

-P.POAPO 

-B. 90625 

10.!6« 

LSB 

P  7 

A.nSf'K 

-P .RPPAO 

-B.82B1 3 

-35.94M 

LSB 

?P 

A.RUdK 

7PR70 

-B.7B906 

74.22M 

LSB 

P9 

A.R44* 

-P.770P0 

-B. 76953 

-259. »M 

LSR 

AO 

A.P'JPK 

-R. 75720 

-B. 75977 

525.4* 

LSB 

A1 

A.POlx 

-R. 75420 

-B.75aBB 

139. BM 

LSB 
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TABLE  9-6 


HIT  E990P  DAT A  (MQM-lIM£ A9TTV)  DEVICE  TYPE  5212 

P0»  DEVICE  S/w  9  »i  )25  DEr.PEES  C  (PANGE  =  JO,  90  VOLTS) 
(V**AX=  10.00  VOLTS) 


TEST 

decimal 

A00» 

MF ASUPEO 
VALUE 

IDEAL 

VALUE 

HIT 

E  9909 

OMITS 

1 

1.000 

9.99450 

9.99512 

-126. 4* 

LSH 

2 

2.000 

9.99060 

9.99023 

74. 60* 

LSH 

3 

4.000 

9, 96060 

9,96047 

26.95* 

LSH 

4 

6.000 

9.96! 00 

9.96094 

12.694 

LSH 

5 

16.00 

9 . 9? 1 RO 

9 .921 6fl 

-15.43* 

LSH 

s 

32.no 

9.«a360 

9.64375 

-30.65* 

LS6 

7 

64.00 

0.66720 

9.66750 

-61.51* 

LSH 

a 

126.0 

9.37560 

9.37500 

122.9* 

LSH 

0 

256.0 

6.75010 

6.75000 

20.51* 

LSH 

10 

512.0 

7.50050 

7.50000 

102. a* 

LSH 

1 1 

76«,0 

6.25120 

6.25000 

245.6* 

LSH 

12 

1  ,0?«K 

4.99960 

5.00000 

-40.92* 

LSH 

1  5 

1  .2*0* 

5 . 750?0 

3.75000 

41.02* 

LSH 

1  4 

1  .S36* 

2.50060 

2.50000 

163.9* 

LSH 

is 

1 .79 2* 

t .25t?o 

1 .25000 

345.7* 

LSH 

1  a 

2.046K 

0.00000 

0.00000 

0.000 

LSW 

t  7 

?.30«K 

-1 .249*0 

-l  .25000 

41.02* 

LSH 

1  A 

2.560* 

-2.49930 

-2,50000 

143.4* 

LSH 

IP 

2,616* 

-3.74900 

-3.75000 

204.7* 

LSH 

?o 

3.07?* 

-S. 000 JO 

-s.ooooo 

-at .02* 

LSH 

21 

3. 3?H* 

-♦>.25000 

-6,25000 

o.ooo 

LSH 

2? 

3.564* 

-7 , 49940 

-7.50000 

122.7* 

LSH 

23 

3,640* 

-6. 74«90 

-ft. 75000 

225.0* 

LSR 

24 

3.966* 

-9,37340 

-9.37500 

527.7* 

LSH 

?S 

3,904* 

-9,06)60 

-9.06250 

143.4* 

LSH 

26 

3.672* 

-ft, 00550 

-6.90625 

153.5* 

LSH 

2? 

3,656* 

-ft ,ft?740 

-6.6261 3 

146.4* 

LSH 

?6 

3,646* 

-6,76760 

-6.76906 

256.6* 

LSH 

29 

3,644* 

-6.76670 

-6.76953 

170. 5* 

LS« 

50 

3,642* 

-6.7S660 

-6.75977 

197.7* 

LSH 

51 

3.641* 

-ft. 75420 

-6.75966 

1  39.6* 

LSH 
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TWite  9-7 


BIT  ERROR  DATA  (NON-LINEARITY)  DEVICE  TYPE  5212 


FOR  DEVICE  S/N 
( VfMAX*  10.00 

9  *  -55 

VOLTS) 

DEGREES  C 

(RANGE  a 

20.00  VOLTS) 

TEST 

decimal 

A  DDR 

ME ASURED 
VALUE 

IDEAL 

VALUE 

BIT 

ERROR 

UNITS 

1 

1 .000 

9.99U70 

9.99512 

-A5.3SM 

LSH 

2 

2.000 

9.99020 

9.99023 

-7.0319 

LSR 

5 

<1.000 

9.9A060 

9.9A0U7 

26.959 

LSR 

a 

A. 000 

9.96090 

9.9609U 

-7.6159 

LSA 

5 

16.00 

9.92170 

9.921  AH 

-35.799 

LSR 

6 

52.00 

9. A9330 

9.AU375 

-92. 1 A9 

LSH 

7 

6<l  «  0  0 

9 . 6  A  7  0  0 

9.6A750 

-102. 39 

LS« 

A 

1  2A.0 

9. 57500 

9.37500 

A 1  .  A  7  9 

LSH 

9 

256.0 

A. 7UO70 

A. 75000 

-61.529 

LSH 

!  0 

512.0 

7.50000 

7.50000 

0.000 

LSH 

t  1 

76A.0 

6.25000 

6.25000 

0.000 

LSR 

12 

1 .0?«K 

9.99970 

5.00000 

-61 ,U3« 

LSH 

1  5 

1 .2A0K 

5.7U950 

3.75000 

-102. 39 

LSH 

1  9 

1 .556K 

2.999A0 

2.50000 

-U0.929 

LSH 

15 

1 .792« 

1 .20970 

1 .25000 

-61.529 

LSH 

1  6 

2 . 0  0  A  K 

-200. MOOD 

0.00000 

-91.029 

LSH 

1  7 

2 . 50  uk 

-1 .25090 

-1 .25000 

-1  Aa.u9 

LSA 

1  « 

2.5AOK 

-2.50070 

-2.50000 

-193.99 

LSH 

1  9 

2.«1 AK 

-5.75100 

-3.75000 

-209.99 

LSH 

?o 

5,07?k 

-5.00110 

-5 . 0  n  o  oo 

-225.99 

LSH 

21 

5. 52«K 

-5.25150 

-6.25000 

-307.99 

LSH 

22 

5.5««k 

-7.501 20 

-7.50000 

-295.79 

LSH 

25 

5  .  A  U  0  K 

-a. 75120 

-A. 75000 

-295.79 

LSR 

2« 

3.96HK 

-9. 57600 

-9.37500 

-205.19 

LSH 

25 

5 . 90UK 

-9. 06UU0 

-9.06250 

-3A9. 19 

LSH 

26 

5.«72K 

-H  .  qoH 1 0 

-A. 90625 

-375.99 

LSH 

27 

5 . AS6K 

—  A.M300  0 

-A.A2At  3 

-3Aa. 09 

LSA 

2  A 

5 . AU  AK 

-A  .  790'  0 

-A.7A906 

-299.59 

LSH 

29 

3. AUUH 

-H.771UO 

-A. 76953 

-3A2. 59 

LSH 

50 

5. AU2K 

-  A  .  7  6  11  0 

-A. 75977 

-273.99 

LSH 

51 

5. AU1K 

-A. 751  an 

-A. 75UAA 

713.39 

LSH 
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AABU  9-8 

MAJOR  CARRY  DATA  (DIFFERENT!  AL  NflN-L  T  NF  AP  I  T  Y  )  DEVICE  5212 


FOR  DEVICE  S/N  9 


BIT# 

MC(>) 

t 

*0  «  9*m 

2 

10*. 9M 

3 

-119. OR 

0 

-139. RM 

5 

-5«5.*m 

* 

-1 19. OM 

7 

-37. OOM 

B 

20. OOM 

9 

-221 .RM 

10 

*0.9*M 

11 

as. 5*m 

12 

10*. 9M 

Ft) R  DEVICE  S/M  9 


BIT# 

*cm 

1 

1 R7. RM 

2 

392. *M 

3 

-37. oom 

0 

-7R.O0M 

5 

-303. 7M 

* 

20. OOM 

7 

*0.9*m 

R 

85. OOM 

9 

85. 09M 

10 

20. OOM 

1  1 

3.520M 

12 

1 87.8M 

FDR  DEVICF 

S/N  9 

BIT# 

MC(  +  ) 

1 

39?. *M 

2 

20. oom 

3 

-78.90M 

0 

—  7  8 . 0  0  M 

5 

-303. 7M 

* 

-57 ,9?m 

7 

20. OOM 

s 

*0 , 9*M 

9 

*0 . 9*M 

10 

20.00M 

I  1 

85. OOM 

12 

10*. 9M 

i  25  DFRREFS  C 
MC(-) 

070. *M 

■  ni.nM 
-1*0. 3M 
-221 .8* 
-385. *m 
-1*0.3* 

-57.92* 

3.52oM 
-  37. oa* 

-2. *20* 

1  05. 9M 
228. RM 

'll  125  RFGPFFS  i 

Mf  (-) 

290.2* 
515.5m 
1  05.9M 
ati.  «hm 
•1*0. 8** 

1*7. OM 
228. 8M 

209. *M 

2?H. RM 
?08,5m 
22*. R* 

2*9. RM 

"1  -55  DFRREFS  C 

*r  c-) 

095. OM 
12*. om 
20 . oom 
?0. 00M 
-2*2. 7M 
20. now 

55, OOM 
lo*. OM 

10*. 9M 
10*.9M 
290. ?M 
209. 3« 


(RANRF  =  20.00 

UNITS 

LSR 
LSR 
L  SR 
L  SR 
L  SR 
IS* 

LSR 
L  SR 
L  SR 
LSR 
L  SR 
L  SR 

(RANRE  *  20.00 

UNITS 

t  SR 
LSR 
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ZERO  ERROR,  ABSOLUTE  END  POINT  ERROR 
DEVICE  5212 

S/N  9  @  25*C 


VCC  VFF 

zero 

AH SfU  UTF 

ABSOLUTE 

F  RROR 

frror(+) 

p»ROH(-) 

( volts) 

(V'U  TS) 

(VOLTS) 

15.45V  -1S.4SV 

?. 50000* 

9.995*0 

-9.99SP0 

14,55V  -1S.4SV 

?.?nnnoM 

1  f»  .  0  0  1  Q 

- 1  0 . 0  0  5  5 

14.55V  -14.55V 

?. *0000* 

9.9*570 

-4.9*470 

15.4SV  -14.55 V 

?. 50000* 

9.4*470 

-9.9*550 

DEVICE  S/N  9  @  125°C 


VCC  VFF 

ZERO 

ABSOLUTE 

ABSOLUTE 

F  rwor 

ERROR ( ♦  ) 

FRROR(-) 

(VOLTS) 

(VOLTS) 

(VOLTS) 

IS. 45V  -1S.4SV 

uon .  no  Oil 

1  0.0097 

-io.oo«o 

14.SSV  -IS.4SV 

1  .#,0000* 

1  0.0079 

-10.0077 

t  4 .55V  -14.55V 

700.0000 

9. 9*5*0 

-9.9*550 

15.45V  -14.55V 

0.00000 

9. 9*7*0 

—  9.9*#,0  0 

DEVICE  S/N  9  0  -55*C 


VCC  VFF 

ZERO 

ABSOLUTE' 

ABSOLUTE 

ERROR 

FRR0R(*1 

FRROR(-) 

(VOLTS) 

(VOLTS) 

(VOLTS) 

15.45V  -15.45V 

1 .*1000* 

10.0009 

-9.99  7?0 

14.55V  -15.45V 

1 .90000* 

1  0.0000 

-9.99550 

14.55V  -14.55V 

1 . 70000* 

9 . 9*  550 

-9, 9*0*0 

15.45V  -14.55V 

1.10000* 

9. 9*0*0 

-9.9*110 
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10.1  Introduction 

Prior  characterization  efforts  for  RADC  resulted  in  the  development  of 
slash  sheet  MIL-M-38510/107  for  3-terminal  Fixed  Positive  Voltage 
Regulators.  That  slash  sheet  specified  regulators  with  5  Volts,  12 
Volts,  15  Volts  and  24  Volts  which  survey  shows  are  the  predominate 
positive  supply  voltage  requirements  for  both  digital  or  analog  circuits. 

New  innovative  IC  and  hybrid  devices  such  as  D/A  &  A/D  Converters, 
incorporate  precision  circuitry  and  as  such  require  tight  tolerance 
supply  voltages.  In  addition,  most  large  systems  require  a  variety  of 
supply  voltages  to  provide  power  for  digital  circuits,  analog  circuits, 
display  circuits,  transducers,  etc.  The  logistic  problems  associated 
with  the  variety  of  voltages  needed  to  power  these  devices  can  be 
greatly  reduced  by  use  of  one  or  more  adjustable  voltage  regulators 
together  with  a  few  standard  value  resistors. 

Adjustable  voltage  regulators  are  available  in  several  case  sizes  and 
current  outputs.  Device  types  78C  and  78MG  were  chosen  for  this 
characterization  because  of  their  similarity  to  the  78XX  and  78MXX 
families.  Device  types  LM1 17H  and  LM117K  were  chosen  for  this 
characterization  because  of  their  user  acceptance.  In  addition,  all 
device  types  were  selected  by  a  joint  decision  of  RADC,  the  JC-41 
Committee  and  the  Circuit  Design  Engineering  activity  of  CEOS. 

Table  10-1  lists  the  device  types  specified  for  this  characterization. 

Table  10-1.  Device  Types  Specified. 


Device 

Type 

Generic 

Type 

Manufacturer 

Voltage  Output 
Range 

Output 

Current 

Case 

Type 

No.  of 
Terminals 

11701 

78MG 

Fairchild 

5V  <Vo  <30V 

-0.5A 

TO- 5 

4 

11702 

78G 

Fairchild 

5V  <Vo  <30V 

-1 .0A 

TO-3 

4 

11703 

LM117H 

NSC 

1.25V  <Vo  <37V 

-0.5A 

TO- 5 

3 

11704 

LM117K 

NSC 

1.25V  <Vo  <37V 

-1.5A 

TO-3 

3 
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10.2  Description  of  Device  Types 


The  major  physical  distinctions  between  the  various  voltage  regulators 
characterized  for  this  slash  sheet  are  shown  in  Table  10-1.  The  major 
distinguishing  features  are:  1)  voltage  range,  2)  maximum  output 
current,  3)  number  of  terminals  and  4)  case  size.  Whereas,  the  4- 
terminal  adjustable  regulators  are  evolved  from  their  fixed  voltage 
counterparts  by  deleting  the  two  internal  resistors  used  to  set  the 
output  voltage  and  by  bringing  the  error  amplifier  summing  point  out  of 
the  case,  the  3-terminal  adjustable  regulators  represent  a  different 
approach  in  IC  voltage  regulator  design  and  do  not  have  3-terminal  fixed 
voltage  counterparts. 

All  of  these  devices  contain  protective  circuitry  common  to  many  of  the 
available  IC  voltage  regulators.  These  circuits  include  a)  output 
current  limiting,  b)  short  circuit  protection,  c)  safe  operating  area 
protection  and  d)  thermal  shut  down.  In  addition,  the  regulators 
included  in  these  slash  sheets  feature  "band-gap"  reference  voltage 
circuitry  to  fix  and  stabilize  the  output  voltage.  These  reference 
voltage  circuits  are  characterized  by  improved  noise  and  long-term- 
stability.  Generally,  these  characteristics  are  10-100  times  better 
than  those  found  in  standard  avalanche  breakdown  reference  voltage  zener 
diodes. 

General  block  diagrams  for  the  4-terminal  adjustable  positive  voltage 
regulator  and  the  3-terminal  adjustable  positive  voltage  regulator  are, 
respectively,  shown  in  Figures  10-1  and  10-2. 


Figure  10-1.  Block  Diagram  of  4-Terminal  Adjustable  Positive 
Voltage  Regulators.) 
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Figure  10-2.  Block  Diagram  of  3-Terminal  Adjustable  Positive 
Voltage  Regulators.) 

The  4-terminal  regulator  circuits  consist  of  a)  a  start-up  circuit  to 
insure  that  the  device  is  rapidly  brought  into  regulation,  b)  a 
temperature-compensated  voltage  reference  with  a  current  source  to 
eliminate  the  effect  of  the  unregulated  input  voltage,  c)  an  error 
amplifier  that  compares  a  fraction  of  the  output  voltage  with  the 
internal  reference  voltage,  d)  a  series  pass  regulating  transistor  that 
controls  the  current  output  to  the  load,  e)  a  series  resistor  and 
current  limit  to  regulate  the  peak  output  current,  f)  a  safe  operating 
area  circuit  which  operates  with  the  current  limit  to  reduce  the 
regulator's  peak  output  current  as  the  input  voltage  increases  and  g)  a 
thermal  shut-down  circuit  that  turns  off  the  pass  transistor  when  its 
temperature  exceeds  150°C  -  190°C. 

The  3-terminal  adjustable  voltage  regulators  vary  markedly  from  the 
4-terminal  adjustable  voltage  regulators.  The  most  outstanding  features 
of  the  3-terminal  regulators  are  that  a)  the  quiescent  current  flows  out 
of  the  regulator  output  instead  of  flowing  out  of  the  regulator  adj 
(common)  pin,  b)  the  only  current  flowing  out  of  the  regulator  adj  pin 
is  a  low  level  current  (50  uA)  for  the  reference  circuit,  c)  the  error 
amplifier  is  a  fixed  unity  gain  amplifier  and  is  therefore  easily 
frequency  stabilized,  d)  the  voltage  reference  circuit  does  not  require 
a  special  start-up  circuit  and  d)  large  voltage  stresses  are  restricted 
to  the  series  pass  transistor  and  to  the  on-chip  current  sources.  The 
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voltage  (Vo  -  Vadj)  is  a  constant  1.25  volts.  In  addition,  circuit 
refinements  have  resulted  in  improved  thermal  and  load  regulation.  A 
detailed  discussion  of  the  regulator  circuits  can  be  found  in  reference 
2  of  the  bibliography. 

10.3  Test  Development 

Devices  used  in  these  characterizations  were  selected  by  a  joint 
decision  of  RADC,  the  JC-41  Committee  and  the  Circuit  Design  Engineering 
activity  of  GEOS.  The  devices  were  obtained  from  two  manufacturers  on 
the  JC-41  Committee  and  from  their  distributors.  Table  10-2  lists  the 
device  types  characterized. 


Table 

10-2. 

Device  Types 

Characterized . 

Device 

Type 

S/N 

Manufacturer 

Date 

Codes 

11701 

1-5 

Fairchild 

7649,  7551,  7846 

11702 

1-5 

Fairchild 

7837 

11703 

1-10 

NSC 

7901 

11704 

1-10 

NSC 

7832 

Test  Parameter  Development 

Test  parameters  were  recommended  by  the  manufacturer  and  were  approved 
by  the  JC-41  Committee.  In  addition,  extra  tests  were  added  by  GEOS  to 
extend  the  characterization  study  beyond  the  recommended  tests  in  Table 
I  of  the  device  slash  sheet.  Tests  were  performed  at  -55 °C,  25 °C  and 
12^,  C  unless  device  performance  was  jeopardized  by  the  test  conditions 
(ie  excessive  power  dissipation).  One  output  voltage  measurement  was 
made  at  150, °C  to  check  the  low  temperature  limit  of  the  thermal  shut 
down  operation  mode.  A  list  of  the  electrical  parameters  tested  during 
characterization  is  presented  in  Table  10-3. 
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Table  10-3.  Test  Parameters  for  Characterization 


Test 

No  Symbol  Parameter 


1 

v0UT 

Output  Voltage 

2 

VRLINE 

Line  Regulation 

3 

VR10AD 

Load  Regulation 

4 

VRTH 

Thermal  Regulation 

5 

IADJ 

Adjustment  Pin  Current 

6 

IADJ  (Line) 

Adjustment  Pin  Current  Line  Regulation 

7 

JADJ  (Load) 

Adjustment  Pin  Current  Load  Regulation 

8 

X0S 

Output  Short  Circuit  Current 

9 

Lpeak 

Output  Current  with  Forced  Output  Voltage 

1 .0  Volts 

10 

v0UT 

Output  Voltage  Recovery  After 

(RECOV) 

Output  Short  Circuit 

11 

VSTART 

Output  Voltage  Start-up  with  Maximum  Load 

12 

*Q 

Quiescent  Current 

13 

(VIN)/ (vOUt) 

Ripple  Rejection 

14 

No 

Output  Noise 

15 

(V0Ut)/vIN) 

Line  Transient  Response 

16 

(vOUt)/(Ll) 

Load  Transient  Response 

These  parameters  are  arranged  into  two  groups.  One  group  of 
parameters,  test  number  1-12,  consists  of  the  static  test  parameters  and 
includes  all  of  those  tests  that  can  readily  be  performed  on  the 
Tektronix  S-3260/70  Automatic  Test  Set.  These  tests  are  performed  at 
three  temperatures.  The  other  group,  test  number  13-16,  consists  of  the 
dynamic  test  parameters  and  includes  those  tests  that  can  best  be 
performed  in  a  bench  test  set-up.  These  tests  are  performed  at  25°C 
only. 

Test  Adapter  Development 

At  the  beginning  test  development,  the  accuracy  and  capability  of  the 
S-3260/70  Automatic  Test  Set  is  determined  for  each  parameter.  A  table 
of  this  accuracy  capability  has  been  developed  and  is  shown  in  Section 
II  of  this  report.  Because  of  basic  tester  limitations,  several  special 
circuits  have  been  developed  and  are  used  on  the  interface  test  adapter 
to  the  S-3260/70.  The  schematic  of  the  test  adapter  is  shown  in  Figure 
10-3. 

The  test  adapter,  shown  in  Figures  10-4  and  10-5,  has  been  designed  to 
provide  an  interface  between  the  DUT  and  the  Test  System.  The  adapter 
has  the  ability  to  test  positive  and  negative,  3-terminal  and 
4-terminal,  1/2  amp,  1  amp,  1.5  amp  and  5  amp  regulators.  This 
capability  is  achieved  by  using  a  separate  plug-in  carrier  for  each  type 
of  DUT.  The  carrier  contains  the  input  and  output  capacitor  for  the 
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DUT,  and  plugs  into  the  S-3260/70  main  test  adapter.  In  addition, 
diodes  and  transistors  used  in  the  test  circuit  are  on  separate  carriers 
and  sockets  and  are  changed  when  the  voltage  polarity  of  the  DUT  to  be 
tested  is  changed.  Other  components,  such  as,  load  resistors  and  output 
voltage  fixing  resistors,  which  are  changed  for  the  various  device  types 
are  also  mounted  on  plug-in  carriers.  Also  the  voltage  measurement 
system  has  made  extensive  use  of  Kelvin  test  leads  to  insure  that 
measurements  are  made  at  the  precise  point  of  interest  (eg  Vqut  is 
measured  at  the  case). 

The  main  DUT  currents  are  carried  by  separate  buses  and  are  controlled 
by  the  automatic  test  system  via  the  power  Darlington  transistor 
circuits.  Through  the  use  of  external  power  supplies,  the  adapter  test 
circuits  permit  control  of  currents  that  are  larger  than  the  current 
capacity  of  the  automatic  test  system. 

The  input  power  Darlington  transistor  circuit  can  force  the  value  of  the 
DUT  input  voltage  and  can  be  used  to  control  it  for  testing  a)  output 
voltage  versus  input  voltage,  b)  line  regulation,  c)  short  circuit 
current  versus  input  voltages,  d)  start  up,  e)  line  transient 
and  f)  ripple  voltage  rejection.  The  output  power  Darlington 
transistor  circuit  can  be  used  to  force  a  current  and  measure  the 
voltage  or  to  force  a  voltage  and  measure  the  current.  The  circuit  can 
be  controlled  for  testing  a)  output  voltage  versus  load  current,  b)  load 
regulation,  c)  thermal  regulation,  d)  short  circuit  current,  e)  voltage 
recovery,  and  f)  load  transient.  The  current-to-voltage  amplifier  is 
used  to  measure  the  milliampere  and  microampere  currents  for  a)  the 
standby  current  drain  tests,  b)  the  control  current  tests,  c)  the  adjust 
pin  current  tests  and  d)  the  quiescent  current  test  under  a  forced 
voltage  condition. 

Tester  Correlation 


During  the  development  of  the  S-3260/70  Automatic  Tests,  it  is  necessary 
to  correlate  the  automatic  test  circuit  to  a  basic  test  circuit.  This 
is  done  for  each  parameter  in  accordance  with  the  methods  described  in 
Section  II  of  this  report.  All  correlation  data  taken  on  the  automatic 
tester  and  on  a  bench  test  set  up  agree  within  the  "20%  of  parameter 
tolerance”  criteria  used  by  GEOS. 

Dynamic  tests  for  the  voltage  regulators  include  a)  ripple  rejection, 
b)  line  transient  response,  c)  load  transient  response  and  d)  output 
noise.  No  dynamic  tests  were  run  the  78MG  or  78G  because  of  their 
similarity  to  the  78MXX  and  78XX  voltage  regulator  families  which  were 
characterized  on  a  previous  contract. 

Dynamic  bench  test  circuit  schematics  are  shown  in  Figures  10-6  thru 
10-9.  The  noise  test  circuit  schematic  is  shown  in  Figure  10-6.  The 
test  is  performed  using  an  oscilloscope  with  a  differential  preamplifier 
with  bandwidth  control.  The  bandwidth  is  set  for  a  pass  band  from  10  Hz 
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to  10  kHz  and  the  peak-to-peak  measurement  of  the  noise  was  made.  The 
ripple  rejection  test  circuit  schematic  is  shown  in  Figure  10-7.  The 
test  is  performed  using  the  above  oscilloscope.  The  bandwidth  is 
adjusted  to  reduce  the  high  frequency  noise  without  affecting  the  2400 
Hz  ripple  frequency.  The  2400  Hz  ripple  at  the  regulator  is  measured  on 
the  oscilloscope  as  a  peak-to-peak  voltage.  Line  transient  response  and 
load  transient  response  test  circuit  schematics  are  shown  in  Figures 
10-8  and  10-9.  The  peak  measurements  are  made  on  an  oscilloscope  with  a 
wide  bandwidth  pre-amp.  Oscillographs  of  these  tests  are  presented  in 
Figures  10-10  and  10-11. 

10.4  Test  Results  and  Data 

78MG  and  78G  Test  Results 


The  78MG  and  78G  Adjustable  Positive  Voltage  Regulators  meet  all  of  the 
tested  electrical  specifications  in  the  slash  sheet.  Because  these 
devices  have  design  characteristics  similar  to  the  78MXX  and  78XX 
series,  the  dynamic  test  were  not  performed.  Typically,  the  measured 
data  is  in  the  middle  of  the  specified  tolerance  band  and  the  band 
spread  appears  to  be  reasonable  for  several  parameters.  However,  the 
tolerance  band  spread  for  several  of  the  parameters  appears  to  be  much 
greater  than  is  necessary  for  even  100%  yield.  Typically  data  sheets  for 
these  two  device  types  are  shown  in  Tables  10-4  and  10-5,  respectively. 
Tables  10-6  and  10-7,  respectively,  summarize  the  data  distribution  for 
these  two  device  types. 

Several  78G  devices  were  destroyed  during  test,  however,  analysis  of 
this  problem  revealed  a  tester  problem.  A  negative  voltage  pulse  was 
applied  to  the  output  of  the  DUT,  by  the  tester,  during  the  output  short 
circuit  current  and  voltage  recovery  test. 

117H  and  117K  Test  Results 


Typical  data  sheets  for  the  LM117H  and  LM117K  are  shown  in  Tables  10-8 
and  10-9,  respectively,  and  tables  for  data  distribution  are  shown  in 
Tables  10-10  and  10-11,  respectively.  All  of  the  devices,  except  for 
one  LM117H  met  all  of  the  specifications  on  the  slash  sheet.  This  unit 
was  further  analyzed  in  a  bench  test  set  up  using  an  oscilloscope. 
Pictures  of  the  measurements  were  taken  a)  at  the  case,  b)  on  the  output 
lead  1/8  inch  below  the  case,  and  c)  on  the  output  lead  3/8  inch  below 
the  case  and  are  shown  in  Figures  10-12  thru  10-14,  respectively.  The 
load  regulation  measurements  at  these  points  were  approximately  1  mV, 

4.5  mV  and  9  mV,  respectively.  Discussions  with  the  manufacturer 
revealed  that  the  leads  on  the  T0-5  type  cases  are  made  of  Kovar.  The 
resistivity  of  Kovar  can  be  as  much  as  28  times  that  of  copper.  This 
high  resistivity  is  the  reason  for  the  high  load  regulation 
measurements.  Other  devices  were  checked  in  a  bench  test  and  similar 
results  were  observed. 
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Two  units,  serial  numbers  5  and  6,  failed  thermal  regulation  at  -55°C. 
Since  this  measurement  is  not  recommended  at  either  -55°C  or  125°C, 
these  devices  were  not  considered  failures.  However,  these  two  units 
were  sent  to  the  vendor  for  their  measurement  and  analysis. 

Tabulation  of  dynamic  test  data  taken  in  a  bench  test  set  up  for  the 
LM117H  Adjustable  Positive  Voltage  Regulators  is  presented  in  Table 
10-12.  The  tests  were  performed  at  25°C  and  are  of  a)  ripple  rejection, 
b)  output  voltage  noise,  c)  line  transient  response  and  d)  load 
transient  response.  All  of  the  bench  measurements  made  on  these  devices 
were  stable  and  showed  reasonable  safe  margin  for  the  recommended 
tolerances.  Oscillographs  of  the  line  and  load  transient  responses  are 
shown  in  Figures  10-10  and  10-11.  Dynamic  test  data  and  oscillographs 
were  also  obtained  for  the  LM117K  Adjustable  Positive  Voltage 
Regulators.  These  measurements  were  nearly  identical  to  those  taken  on 
the  LM117H  regulators. 

10.5  Discussion  of  Results 

All  of  the  test  data  tak^n  on  the  78MG  and  78G  voltage  regulators  was 
within  the  tolerances  recommended  by  the  manufacturer  and  the  JC-Al 
Committee.  The  absolute  measurements,  such  as,  output  voltage,  standby 
current  drain,  output  short  circuit  current  and  control  current  were 
reasonably  centered  between  the  hi-limit  and  the  lo-limit  of  the  test 
parameter.  However,  the  test  parameter  such  as  line  regulation,  load 
regulation  or  change  of  standby  current  versus  line  voltage  and  load 
current  had  test  parameter  tolerances  that  were  excessively  conservative 
in  light  of  the  measured  data.  GEOS  communicated  this  information  to  the 
manufacturer  but,  because  of  the  extremely  small  characterization  sample 
( ie  5  devices),  was  unsuccessful  in  promoting  tighter  test  limits.  The 
data  distribution  for  these  devices  is  presented  in  Tables  10-6  and 
10-7. 

A  major  test  problem  developed  during  the  measurement  of  output  short 
circuit  current  on  the  78G  devices.  Although  this  test  had  been 
performed  previously  on  the  LM117  regulators  without  incident,  three  of 
the  78C  regulators  were  destroyed  during  the  test.  An  analysis  of 
test  circuit  showed  that  a  -  15  volt  pulse  was  being  applied  to  the 
regulator  output  from  the  load  current  amplifier  as  the  forced  output 
0-volt  condition  was  switched  off.  Since  the  summing  point  of  th  DUT 
error  amplifier  is  connected  directly  to  the  DUT  output  for  these 
tests,  the  negative  voltage  pulse  is  also  applied  directly  to  the 
summing  point.  Failure  analysis  showed  that  considerable  chip 
distribution  resulted  during  these  failures.  Both  the  test  circuit  and 
the  controlling  software  were  then  modified  to  eliminate  the  negative 
voltage  pulse.  The  burned  out  devices  were  replaced  by  the 
manufacturer  and  testing  continued  without  incident.  Testing  of  the 
LM117H  and  LM117K  voltage  regulators  was  performed  on  the  same  test 
adapter  used  for  testing  the  78MG  and  78G  voltage  regulators.  The 
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devices  all  met  the  parameter  tolerances  specified  in  Table  I  of  the 
slash  sheet,  with  one  exception.  This  device  failed  load  regulation  as 
described  in  Section  10.4  As  a  result  of  the  investigation  of  this 
failure,  the  slash  sheet  was  modified  to  insure  that  the  output  voltages 
are  made  at  the  case  of  the  DUT.  GEOS  believes  that  this  measurement 
technique  must  be  used  to  insure  correlative  test  results  between 
various  test  facilities.  The  remainder  of  the  test  measurements  were 
reasonably  well  centered  within  the  specified  parameter  tolerances.  The 
data  distribution  for  these  devices  is  presented  in  Tables  10-10  and 
10-11. 

10.6  Slash  Sheet  Development 

A  modified  Table  I  was  received  from  each  of  the  two  manufacturer 
committee  members  supplying  parts  for  the  characterization.  These 
parameters  were  modified  to  include  a  voltage  recovery  measurement  after 
the  output  short  circuit  current  test  and  a  start  up  test  with  an  R-C 
load.  In  general,  the  parameters  and  test  circuits  are  the  same  as 
those  used  in  MIL-M-38510/117  to  test  fixed  positive  voltage  regulators. 
A  summary  of  the  M1L-M-38510/1 17  Table  I  is  shown  in  Tables  10-13  and 
10-14  for  device  types  11701  through  11704. 

10.7  Conclusions  and  Recommendations 

The  test  circuits  used  in  these  characterizations  were  developed  for  use 
either  by  an  automatic  tester  or  in  a  bench  type  set-up.  Measurements 
were  taken  in  both  test  set-ups  and  excellent  tester  correlation  was 
observed.  The  test  circuits  are  easily  constructed;  however,  because  of 
the  high  currents  involved  at  the  input  and  output  of  the  DUT,  a 
difference  of  several  millivolts  may  be  observed  across  a  connector 
terminal.  Extreme  care  must  be  observed  to  insure  that  the  voltmeter 
sense  leads  are  connected  to  the  proper  test  points  in  the  test  circuit. 

When  the  above  procedures  were  properly  observed,  all  of  the  devices 
perform  well  in  their  individual  test  circuits.  The  regulation  tests 
have  very  conservative  tolerances  and  could  be  easily  reduced  from  their 
present  ±  150mV  limits.  These  limits  could  be  reduced  to  ±  0  mV. 
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Notes : 


1.  Heavy  current  paths  (I  1.0A)  are  indicated  by  bold  lines. 

2.  Kelvin  connections  must  be  used  for  all  output  current  and 
voltage  measurements. 

3.  Op  amp  stabilization  networks  may  vary  with  test  adapter 
construction.  Alternate  drive  circuits  for  the  power  transistor 
may  be  used  to  develop  the  proper  load  current  and  input  voltage 
pulses. 

4.  Relay  switch  positions  are  defined  in  the  appropriate  Tabic  m 
of  the  slash  sheet. 

Load  currents  of  5  mA  are  established  via  the  load  resistors  Rj 
and  R2«  All  other  load  currents  shall  be  established  via  the 
pulse  load  circuit. 

The  pulse  generator  for  the  pulse  load  circuit  shall  have  the 
following  characteristics. 

a.  Pulse  amplitude  =  -10(JljJ  -  V0/(Ri  +  R2)  volts 

b.  Pulse  width  *  1.0  mS  (unless  otherwise  stated) 

c.  Duty  cycle  «  2%  (maximum) 

Load  circuits  shall  be  determined  by  the  voltage  measured  across 
the  1  ohm  resistor.  Measurements  shall  be  made  0.5  ms  after  the 
start  of  the  pulse. 

Vjn  (LOW)  and  V^n  (HIGH)  per  the  appropriate  Table  III  of  the 
stash  sheet. 

VRLINE  "  VB  "  VA 

The  output  voltage  is  samples  at  specified  intervals.  Strobe 
pulse  width  is  100  us  maximum. 

Hil  (minimum)  and  (IjJ  (maximum)  per  the  appropriate  Table  HI  of  the 
8 lash  sheet. 

12‘  vRL0AD  "  VD  "  VC 

13.  VRTH  -  VD  -  VE 

14.  Force  voltage,  Vj  ■  -  15  volts;  Relay  K4  is  energized. 

15.  Iqs  ■  dj,)  A^P8 

Figure  10-3.  Positive  voltage  regulator  test  circuit  for  static  tests,  (cont'd) 
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5. 

6. 


7. 

8. 
9. 

10. 

11. 


16.  Ipk  ■  (II  +  vo/rL  +  V0/(R1  +  r2^  Amps 

17.  For  device  types  01  &  02,  t  »  10.5  msec. 
”  r  device  types  03  &  04,  t  »  20.5  msec. 


Figure  10-3.  Positivevoltage  regulator  test  circuit  for  static  tests,  (cont'd) 
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igure  10-3.  Positive  voltage  regulator  test  circuit  for  static  tests  (cont  d) 
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Device  Table 


Device 

01 

02 

03 

04 

Type 

78MG 

78  G 

LM117H 

LM117K 

VlN 

10  V 

10  V 

6.25  V 

6.25  V 

rL 

100  ohm 

50  ohm 

25  ohm 

12.5  ohm 

The  input  50  ohm  resistor  and 
Rl  shall  be  type  RER  70  or  equivalent. 


Notes: 

1.  The  meter  for  measuring  e0rms  shall  have  a  minimum 
bandwidth  from  10  Hz  to  10  kHz  and  shall  measure  true 

I  rms  voltages. 

2.  N0  -  eQ  rms. 

3.  The  control  pin  connection  is  required  for  device 
types  01  and  02  only. 

Figure  10-6.  Noise  test  circuit  for  positive  voltage  regulators. 
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S  com  no  l  f 


fit 

(see 

T/taie') 


Device 

Table 

Device 

01 

02 

03 

04 

Type 

78MG 

78G 

LM117H 

LM117K 

VlN 

10  V 

10  V 

6.25  V 

6.25  V 

Rl 

40.2  ohm 

14 ,3ohm 

10  ohm 

2.5  ohm 

The  input  50  ohm  resistor  and  shall  be  type  RER  70  or 

equivalent . 

Notes : 

1.  e^  =  1  Vrms  f  =  2400  Hz  (measured  at  the  input 
terminals  of  the  DUT)  ripple  rejection  ■  2  -  log 
(eirms)/(e0rms) . 

2.  The  control  pin  connection  is  required  for  device 
types  01  and  02  only. 

Figure  10-7.  Ripple  rejection  test  circuit  for  positive  voltage 
regulators. 


Device 

Type 

01 

78MG 

02 

78G 

03 

LM117H 

04 

LM1 17G 

Notes 

VlN 

10  V 

10  V 

6.25  V 

6.25  V 

1 

VIN 

3.0  V 

3.0  V 

3.0  V 

3.0  V 

1 

Rl 

1 .25Kohm 

1 . 25kohm 

120ohm 

120  ohm 

tPHL=tPLH 

5.0us 

5.0us 

5.0us 

5.0us 

1 

NOTES : 

1.  Measured  at  device  input. 

2.  Pulse  width  tpl  =*  25  us;  duty  cycle  “  3%  (maximum). 

3.  Oscilloscope  bandwidth  =  5  MHz  to  15  MHz. 

4.  The  control  pin  connection  is  required  for  device  types  01  and 

02. 

Figure  10-8.  Line  transient  response  test  circuit  for  positive 
voltage  regulators. 
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Device  Table 


Device 

Type 

01 

78MG 

02 

78G 

03 

LM117H 

04 

UU17G 

Rl 

0 

0 

249ohm 

249ohm 

*2 

5.0Kohm 

5  .OKohm 

0 

0 

IL 

-50mA 

-100mA 

-50mA 

-100mA 

II 

-200mA 

-400mA 

-200mA 

400mA 

VI 

-0.49V 

-0.99V 

-0.45V 

-0.95V 

Vi 

-2.0V 

-4.0V 

-2.0  V 

-4.0  V 

Figure  10.9.  Load  transient  response  test  circuit  for  positive 
voltage  regulators. 
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Notes: 

1.  Heavy  current  paths  (I  >  l.OA)  are  indicated  by  bold  lines. 

2.  Kelvin  connections  must  be  used  for  all  output  current  and 
voltage  measurements. 

3.  Op  amp  stabilization  networks  may  vary  with  test  adapter 
construction.  Alternate  drive  circuits  for  the  2N6294  may  be 
used  to  develop  the  proper  load  current  and  input  voltage 
pulses . 

4.  The  pulse  generator  for  the  pulse  load  circuit  shall  have  the 
following  characteristics,  (see  device  Table  III) 

a.  Voltage  level  (Vj)  =  -  10  (1^  -  V0)/(Rj  +  R2)  volts. 

b.  Pulse  width  (tp2)  =  25  u  sec. 

c.  Duty  cycle  =  3%  (maximum). 

d.  t-puL  =  t-TLH  =  1*0  usee  for  device  types  01  and  02. 

e.  tTfjL  =  tjLH  =  5.0  usee  for  device  types  03  and  04. 

f.  Difference  voltage  level  (delta  Vj)  »  10  (II)  volts. 

5.  a.  delta  Vout  =  500  mV  maximum  for  device  type  01. 

b.  delta  Voput  *  1000  mV  maximum  for  device  type  02. 

c.  delta  Vout  =  120  mV  maximum  for  devices  type  03  and  04. 

(These  values  guarantee  the  specified  limits  for  load 
transient  response.) 

6.  Oscilloscope  minimum  bandwidth  shall  be  9  MHz  to  15  MHz. 

Figure  10-9.  Load  transient  response  test  circuit  for  positive 
voltage  regulators  (cont'd.). 
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V  =  5  mV/cm  Unit  #4 

H  =  .2  ms /cm 


Figure  10-10.  Oscillograph  of  LM117H  load  regulation  measured  at 
the  case. 


LM117K  Load  Regulation 

V  =  5  mV/cm  Unit  #4 

H  =  .2  ms /cm 


Figure  10-11.  Oscillograph  of  LMl 1 7 H  load  regulation  measured  1/8 
below  case. 
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LM117H  Load  Regulation 

V  -  5  mV/cm  Unit  #4 

H  *  .2  ms /cm 


Figure  10-12.  Oscillograph  of  LM117H  load  regulation  measured  3/8 
below  case. 


LM117H  Line  Transient  Response 

V/cm  =  5  mV  Unit  #2 

Time/cm  =  5  us 


Figure  10-13.  Oscillograph  of  LM117H  line  transient  response  test. 
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LM117H  Load  Transient  Response 
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Table  10-6.  78MG  Data  Distribution  &  Parameter  Limits. 


PARAMETER 

* 

[///DATA////]  * 

(-55°C  <  Ta  <  125°C) 

LL< - 

- LIMIT- 

- >HL  1 

JNIT 

Output  Voltage 

* 

Will] 

* 

4.75  . 

•  •  •  5  • 

•  •  •  5 « 

,25 

V 

Output  Voltage 

★ 

[/] 

* 

(Ta  =  150°C) 

4.75  . 

•  •  •  5  • 

.  .  .  5. 

,25 

V 

Line  Regulation  1 

* 

[) 

* 

-150  .  . 

.  .  .  0  . 

•  •  *  « 

150 

mV 

Line  Regulation  2 

*  [] 

* 

1 

Ln 

o 

• 

o 

m 

50 

mV 

Load  Regulation  1 

* 

[] 

* 

-100 

.  .  .  0  . 

.  .  100 

mV 

Load  Regulation  2 

* 

[] 

* 

-150  .  . 

•  •  •  0  • 

•  •  •  • 

150 

mV 

Thermal  Regulation 

*  [] 

* 

(Ta  =  25°C) 

-50  .  0  . 

50 

mV 

Standby  Current  Drain 

1 

* 

U 

* 

-7  .  . 

•  •it 

0 

mA 

Standby  Current  Drain 

2 

* 

[] 

* 

“ 

-8  .  •  •  . 

•  •  •  • 

0 

mA 

Delta  Standby  Current 

Drain  1 

* 

[i 

* 

-1 

.  .  .  0  . 

.  .  1 

mV 

Delta  Standby  Current  Drain  2  *  []  * 

-500  ....  0  ....  500  uA 
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Table  10-6.  78  MG  Data  Distribution  &  Parameter  Limits.  (Continued) 


PARAMETER 

(-55°C  <  TA  <  125°C) 

* 

[///DATA////] 

* 

UNIT 

LL\ — 

Linn 

/nJu 

Control  Current 
(Ta  -  25°C) 

*  [/] 
.01  .  . 

* 

.  .  5 

uA 

Control  Current 

*[//] 
.01  .  . 

* 

8 

uA 

Output  Short  Circuit  Current  1  &  2 
and  peak  output  current 

* 

-2.0 

[//] 

. 

* 

0.5 

A 

Output  Short  Circuit 

Current  3 

* 

-1.5 

[///]  * 

.  .  0 

A 

*  [///]  * 
-1.0  .  0 


Output  Short  Circuit  Current  4 


A 


Table  10-7.  78G  Data  Distribution  &  Parameter  Limits 


PARAMETER 

* 

[///DATA////] 

* 

(-55°C  <  Ta  <  125°C) 

LL<— 

- LIMIT - 

— >HL  UNIT 

Output  Voltage 

* 

[////] 

* 

4.75 

.  5.25  V 

Output  Voltage 

* 

[///] 

* 

(Ta  =  1 50°C) 

4.75 

•  •  •  .  5  •  .  • 

.  5.25  V 

Line  Regulation  1 

•k 

i] 

* 

-150  . 

•  •••Oaaa 

.  .  150  mV 

Line  Regulation  2 


*  U  * 

-50  .  0  .  50  mV 


Load  Regulation  1  *  f]  * 

-100  ...  0  ...  100  mV 


Load  Regulation  2 

* 

U 

* 

-150  . 

.150  mV 

Thermal  Regulation 

*  U  * 

(Ta  =  25°C) 

-50  .  0  .  50 

mV 

Standby  Current  Drain  1 


* 

-7 


[/] 


* 

0 


mA 


Standby  Current  Drain  2  *  []  * 

-8 . 0  mA 


Delta  Standby  Current  Drain  1  *  [  1  * 

- 1  ...  0  ...  1  mV 


Delta  Standby  Current  Drain  2  *  []  * 

-500  ....  0  ....  500  uA 


X-28 


4  •“■V  - 


/ 
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Table  10-7.  78G  Data  Distribution  &  Parameter  Limits.  (Continued) 


PARAMETER 

* 

[///DATA////]  * 

(-55°C  <  Ta  <  125°C) 

LL<- 

- LIMIT - >HL 

UNIT 

Control  Current 

Ml 

* 

(Ta  -  25°C) 

.01  . 

.  .  .  5 

uA 

Control  Current 

M/l 

* 

.01  . 

uA 

Output  Short  Circuit 

Current 

1  &  2 

*  [////]  * 

and  peak  output  current 

-4.0  .  .  1.0 

A 

Output  Short  Circuit 

Current 

3 

*  [III) 

* 

-3.0 

0 

A 

Output  Short  Circuit 

Current 

4 

*  [///] 

* 

-2.0 

0 

A 

X-29 
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NOTE  «1  UF«F0#CINC  UOLTAOC  oh  Outhut  OF  DEVICE 
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HOTC  u  UF.F0SC1NC  VOlTace  ON  OUTPUT  OF  DEUICE 


Table  10-10.  LM117H  Data  Distribution  &  Parameter  Limits. 


PARAMETER 

*  [///DATA////] 

* 

(-55°C  <  TA  <  125°C) 

LL< - LIMIT - 

">HL 

UNIT 

Output  Voltage 

*  (///////] 

* 

1.20 . . 

.  1.30 

V 

Output  Voltage 

*  [/] 

(Ta  -  150°C) 

1.20 . . 

.  1.30 

V 

Line  Regulation  1 

*  l/l* 

(Ta  “  25°C) 

-9.0.9 

mV 

Line  Regulation  1 

*  [/] 

it 

-23.  ...  0  ...  , 

.23 

mV 

Load  Regulation  1 

*[//]  * 

(Ta  =  25°C) 

-3.5  0  3.5 

mV 

Load  Regulation  1 

*  [///]  * 

-12.  .  0  .  .12 

mV 

Load  Regulation  2 

*U  * 

(Ta  =  25°C) 

-3.5  0  3.5 

mV 

Load  Regulation  2 

*  □  * 

-12.  .  0  .  .12 

mV 

Thermal  Regulation 

*  [/]* 

(Ta  =  25°C ) 

-5.0.5 

mV 

Adjust  Pin  Current 

*  [/////] 

* 

-100 . 

.  -15 

uA 

Delta  Adjust  Pin  Current 

*[///]  * 

(Line  &  Load) 

uA 
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Table  10-10.  LM117H  Data  Distribution  &  Parameter  Limits.  (Continued) 

PARAMETER  *  [///DATA////]  * 

(-55°C  <  TA  <  125°C)  LL< - LIMIT - >HL  UNIT 


Minimum  Load  Current  1  &  2  *  [///]* 

-3. ...-.5  mA 


Table  10-11.  LM117K  Data  Distribution  &  Parameter  Limits 


PARAMETER 

(-55°C  <  TA  <  125°C) 

* 

[///DATA////] 

* 

_ \UT 

UNIT 

LL\  “ 

snL 

Output  Voltage 

* 

1.20  . 

[//////I 

i k 

.  1.30 

V 

Output  Voltage 
(Ta  -  150°C) 

* 

1.20  . 

Willi) 

A 

.  1.30 

V 

Line  Regulation  1 
(Ta  =  25°C) 

*  l/l* 

-9.0.9 

mV 

Line  Regulation  1 

* 

-23. 

[/] 

»  .  .  .  0  .  •  . 

* 

.23 

mV 

Load  Regulation  1 
(Ta  =  25°C) 

*  [/]  * 

-3.5  0  3.5 

mV 

Load  Regulation  1 

*  [/]  * 
-12.  .  0  .  .12 

mV 

Load  Regulation  2 
(Ta  =  25°C) 

*N  * 

-3.5  0  3.5 

mV 

Load  Regulation  2 

*  [/]  * 
-12.  .  0  .  .12 

mV 

Thermal  Regulation  *  [/]* 

(Ta  =  25°C)  -5.0.5  mV 


Adjust  Pin  Current  *  [//]  * 

-100 . -15  uA 


Delta  Adjust  Pin  Current  *  []  * 

(Line  fit  Load)  -5.  .  0  .  .5  uA 
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Table  10-11.  LM117K  Data  Distribution  &  Parameter  Limits.  (Continued) 


PARAMETER  *  (///DATA////]  * 

(-55°C  <  TA  <  125°C)  LL< - LIMIT - >HL  UNIT 


Minimum  Load  Current  1  & 

2 

*  [///]* 

-3  .  .  .  .  -.5 

mA 

Minimum  Load  Current  3 

*  [//]  * 

-5 . -1 

mA 

Output  Short  Circuit  Current 
and  peak  output  current 

1 

*[/////]* 

-3.5  .  .  .  -1.5 

A 

Output  Short  Circuit  Current 

2 

*[/]* 

-1  .  -.18 

A 
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Table  10-13  Electrical  performance  characteristics 

(-55oC  TA  £  125oC  unless  otherwise  stated) 

Device  Limits 


Characteristic 

Symbol 

Test  Conditions 

Type 

Min 

Max 

Units 

Output  voltage 

VOUT 

VIN  -  8V 

1L  “  -5mA,  -500mA 

01 

4.75 

5.25 

V 

IL  ■  -5mA,  -1.0A 

VIN  -  30V 

02 

4.75 

5.25 

V 

IL  *  -5mA,  -50mA 

01 

4.75 

5.25 

V 

IL  =  -5mA,  -100mA 

VIN  «*  38V 

02 

4.75 

5.25 

V 

IL  =  -500mA 

01 

28.5 

31.5 

V 

IL  »  -1A 

02 

28.5 

31.5 

V 

VIN  =*  10V 

IL  «  -5mA;TA=150oC 

01,02 

4.75 

5.25 

V 

Line  regulation 

VRLINE 

8V  1  VIN  1  30V 

IL  «*  -50mA 

01 

-150 

150 

mV 

IL  =  -100mA 

8V  ±  VIN  <,  25V 

02 

-150 

150 

mV 

IL  =*  -350mA 

01 

-  50 

50 

mV 

IL  =  -500mA 

02 

-  50 

50 

mV 

Load  regulation 

VRLOAD 

VIN  =  10V 

-500mA  1  IL  i  -5mA 

01 

-100 

100 

mV 

-1.0A  £  IL  <  -5mA 

02 

-100 

100 

mV 

VIN  =  30V 
-50mA  1  IL  ^  -5mA 

01 

-150 

150 

mV 

-100mA  <  IL  <  -5mA 

02 

-150 

150 

mV 

Thermal  regulation  VRTH 

VIN  =  15V 

IL  =  -500mA;TA=25oC 

01 

-  50 

50 

mV 

IL  =■  -1.0A  ;TA=25oC 

02 

-  50 

50 

mV 

Standby  current 

ISCD 

VIN  =  10V 

drain 

IL  *  -5mA 

VIN  =  30V 

01,02 

-7.0 

-0.5 

mA 

IL  =  -5mA 

01,02 

-8.0 

-0.5 

mA 

Standby  current 

D-ISCD 

8V  <  VIN  <  30V 

drain  change 

(LINE) 

IL  =  -5mA 

01,02 

-1.0 

1.0 

mA 

versus  line  voltage 

Standby  current 

D-ISCD 

VIN  =  10V 

drain  change 

(LOAD) 

-500mA  <.  IL  <.  -5mA 

01 

-0.5 

0.5 

mA 

versus  load 

-1.0A  <  IL  <  -5mA 

02 

-0.5 

0.5 

mA 

current 
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Table  10-13  Electrical  performance  characteristics  (Cont* 
(55°C  <  TA  <  125°C  unless  otherwise  stated) 


Device 

Limits 

Characteristic 

Symbol 

Test  Conditions 

Type 

Min 

Max 

Control  pin 

1CTL 

VIN  =  10V 

current 

IL  =  -350mA  ;TA=25°C 

01 

-  5.0 

-0.01 

1L  =  -350mA 

01 

-  8.0 

-0.01 

IL  =  -500mA  ;TA*25°C 

02 

-  5.0 

-0.01 

IL  =  -500mA 

02 

-  8.0 

-0.01 

Output  short 

I0S1 

VIN  =  10V 

01 

-  2.0 

-0.01 

circuit  current 

VIN  =  10V 

02 

-  4.0 

-0.02 

I0S2 

VIN  =  30V 

01 

-  1.0 

-0.01 

VIN  *  30V 

02 

-  2.0 

-0.02 

Output  voltage 

VOUT 

VIN  =  10V; (after  I0S1) 

recovery  after 

(RECOV) 

RL  =  10  ohms;  CL=20uF 

01 

4.75 

5.25 

output  short 

RL  =  5  ohms  ;  CL=’20uF 
IN  -  30V; (after  IOS2) 
RL  =  5  Kohms 

02 

4.75 

5.25 

Voltage  start-up 

V START 

VIN  =  20V 

RL  *  10  ohms;  CL*20uF 

01 

4.75 

5.25 

RL  =  5  ohms  ;  CL“20uF 

02 

4.75 

5.25 

Ripple  rejection 

D-VIN 

VIN  *  10V 

/D-VOUT 

ei  **  1  VRM.S ;  f*2400Hz 
IL=- 125mA  ;TA=>25°C 

01 

45 

IL=-350mA  ;TA*25°C 

02 

45 

Output  noise 

No 

VIN  *  10V 

voltage 

IL  *  -50mA  ;TA«25°C 

01 

- 

125 

IL  =  -100mA;TA-25°C 

02 

— 

250 

Line  transient 

D-VOUT 

VIN  »  I0V 

response 

/D-VIN 

D-VIN  -  3V 

IL  -  -5mA  ;TA-25°C 

01,02 

- 

30 

Load  transient 

D-VOUT 

VIN  =  10V 

response 

/D-IL 

IL  -  -50mA  ;TA-25°C 
D-IL  «  -200mA 

01 

- 

2.5 

VIN  -  10V 

IL  »  -100mA;TA-25°C 
D-IL  “  -400  mA 

02 

2.5 

X-38 


Units 


uA 

uA 

uA 

uA 

A 

A 

A 

A 


V 

V 


V 

V 


dB 

dB 


uVr 

uVr 


mV/ 


mV/ 


mV/ 


Table  10-14.  Electrical  performance  characteristics. 

(-55°C  <,  TA  <.  125°C  unless  otherwise  stated) 


Device 

Limits 

Characteristic 

Symbol 

Test  Conditions 

Type 

Min 

Max 

Unit 

Output  voltage 

V  -  >JT 

VIN  -  4.25V 

IL  *  -5mA,  -500mA 

03 

1.20 

1.30 

V 

IL  =  -5mA,  -1.5A 

VIN  -  41.25V 

04 

1.20 

1.30 

V 

IL  =  -5mA,  -50mA 

03 

1.20 

1.30 

V 

IL  =  -5mA,  -200mA 

VIN  =  6.25V 

04 

1.20 

1.30 

V 

IL  =  -5mA  ;TA=150°C 

03,04 

1.20 

1.30 

V 

Line  regulation 

VRLINE 

4.25V  <  VIN  <  41.25V 
IL  =  -5mA  ;TA=25°C 

03,04 

-  9 

9 

mV 

IL  =  -5mA 

03 

-23 

23 

mV 

Load  regulation 

VRLOAD 

VIN  =  6.25V 

-500mA  <.  TA  <.  -5mA 
TA*25°C 

03 

-3.5 

3.5 

mV 

-1.5mA  <  IL  <  -5mA 

TA»25°C 

04 

-3.5 

3.5 

mV 

-500mA  <  IL  <  -5mA 

03 

-12 

12 

mV 

-1.5mA  <_  IL  jC  -5mA 

04 

-12 

12 

mV 

VIN  =  41.25V 

-50mA  ^  IL  <_  -5mA 
TAa25°C 

03 

-3.5 

3.5 

mV 

-150mA  <  IL  <  -5mA 

TA=25°C 

04 

-3.5 

3.5 

mV 

-50mA  <  IL  <  -5mA 

03 

-12 

12 

mV 

-I 50mA  <  IL  <  -5mA 

04 

-12 

12 

mV 

Thermal  regulation 

VRTH 

VIN  =  14.6V 

IL  =  -750mA  ;TA=25°C 

03 

-  5 

5 

mV 

IL  =  -1.5mA  ;TA=25°C 

04 

-  5 

5 

mV 

Adjust  pin  current 

IADJ 

VIN  =  4.25V 

IL  =  -5mA 

03,04 

-100 

-15 

uA 

VIN  =  41.25V 

IL  =  -5mA 

03,04 

-100 

-15 

uA 

Adjust  pin  current 

D-IADJ 

4.25V  <  VIN  <  41.25V 

change  versus 
voltage 

(LINE) 

IL  »  -5mA 

03,04 

-  5 

5 

uA  1  ine 

• 
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Table  10' 


Characteristic 

Adjust  pin  current 
change  versus 
current 

Minimum  load 
current 


Output  short 
circuit  current 


Output  voltage 
recovery  after 
output  short 


Voltage  start-up 


Ripple  rejection 


Output  noise 


Line  transient 
response 


Load  transient 
response 


14.  Electrical  performance  characteristics &  (cont'd) 
(-55°C  £  TA  £  125°C  unless  otherwise  stated) 


Device 

Limits 

Symbol 

Test  Conditions 

Type 

Min 

Max 

Unit 

D-IADJ 

VIN  =  6.25V 

(LOAD) 

-500mA  IL  -5mA 

03 

-  5 

5 

uA  load 

-1.5A  _<  IL  <.  -5mA 

04 

-  5 

5 

uA 

IQ 

4.25V  1  VIN  1  14.25V 
(forced  VOUT  -  1.4V) 
VIN  »  41.25 

03,04 

-3.0 

-.5 

mA 

(forced  VOUT  -  1.4V) 

03,04 

-5.0 

-.5 

mA 

I0S1 

VIN  =  4.25V 

03 

-1.8 

-  .5 

A 

04 

-3.5 

-1.5 

A 

IOS2 

VIN  =  40V 

03 

-  .5 

-  .05 

A 

04 

-1.0 

-  .18 

A 

VOUT 

VIN=4.25V  (after  I0S1) 

(RECOV) 

RL=2 . 5  ohms  ;  CL=20uF 

03 

1.20 

1.30 

V 

RL=0 .83  ohms;  CL=20uE 

04 

1.20 

1.30 

V 

VIN  =  40V  (after  I0S2) 

RL  =  -50  ohms 

03,04 

1.20 

1.30 

V 

VS TART 

VIN  =  4.25 

RL=2 . 5  ohms  ;  CL=20uF 

03 

1.20 

1.30 

V 

RL=0.83  ohms;  CL=20uF 

04 

1.20 

1.30 

V 

D-VIN 

VIN  =  6.25V 

/D-VOUT 

ei  =  1  Vrms; fo=2400Uz 
TA=25°C 

IL  =  -125  mA 

03 

65 

dB 

IL  =  -500  mA 

04 

65 

- 

dB 

No 

VIN  =  6.25V  voltage 
TA=25°C 

IL  =  -50  mA 

03 

- 

120 

uV 

IL  =  -100  mA 

04 

— 

120 

uV 

D-VOUT 

VIN  =  6.25V 

/D-VIN 

D-VIN  =  3.0V 

TA=25°C 

IL  =  -10mA 

03,04 

- 

6 

mV/V 

D-VOUT 

VIN  =  6.25 

/D-IL 

TA=25°C 

IL  =  -50  mA 

D-IL  «  -200  mA 

03 

0.6 

mV/mA 

IL  -  -100  mA 

D-IL  “  -400  mA 

04 

0.3 

mV/mA 
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SECTION  XI 


ADJUSTABLE  POSITIVE  VOLTAGE  REGULATORS 
MIL-M-38510/1 17 
(3  amp  &  5  amp  Devices) 


II. 1  Introduction 

Prior  characterization  efforts  for  this  slash  sheet  included  the 
4-terminal  -0.5A  &  -1.0A  regulators  and  the  3-terminal  -.5A  and  -1.5A 
regulators  and  is  reported  in  Section  X. 

The  growth  of  LSI  and  the  expected  growth  of  VLSI  is  placing  more 
circuitry  in  a  smaller  volume.  Regardless  of  the  efforts  to  reduce  the 
power  requirements  of  the  chip  circuits,  the  total  subsystem  power 
requirements  are  expected  to  increase.  This  trend  will  prompt  the  need 
for  larger  voltage  regulators  capable  of  handling  more  current. 

To  meet  the  growing  needs  for  higher  current  devices,  RADC  and  the 
Circuit  Design  Engineering  activity  of  GEOS  proposed  the  addition  of  the 
LM150K  and  the  LM138K  Adjustable  Positive  Voltage  Regulators  to  the 
slash  sheet.  These  devices  were  chosen  because  a)  they  have  electrical 
characteristics  that  are  similar  to  device  type  11703  and  11704  voltage 
regulators  and  b)  they  have  complete  socket  interchangeability  with  the 
device  type  11704  voltage  regulator. 

Table  11-1  lists  the  device  types  specified  for  this  characterization. 
Table  1 1  *“  1  Device  Types  Specified. 


Device 

Type 

Generic 

Type 

Manufacturer 

Output  voltage 
Range 

Output 

Current 

Case 

Type 

No.  of 
Terminals 

11705 

LM150K 

NSC 

-3.0A 

T0-3 

3 

11706 

LM138K 

NSC 

-5.0A 

TO- 3 

3 

11.2 

Description 

of  Device  Types 

The  major  physical  distinctions  for  these  devices  are  identical,  except 
for  output  current  capability,  to  those  described  for  device  type  11704 
in  Section  X,  Table  10-1.  The  3-terminal  adjustable  positive  voltage 
regulators  all  have  very  similar  characteristics,  and  generally,  show 
improved  performance  with  increased  output  current.  Both  of  these 
devices  contain  protective  circuitry  common  to  all  of  the  IC  voltage 
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regulators  described  in  Sections  X,  XI  and  XII.  The  general  block 
diagram  for  the  3-terminal  adjustable  positive  voltage  regulator  is 
shown  in  Figure  11-1. 


Unri'pu  l at  oil  input 


Figure  11-1.  Block  Diagram 
of  3-Terminal  Adjustable  Positive  Voltage  Regulators 

The  3-terminal  adjustable  voltage  regulators  described  in  this  report 
all  have  similar  design  features.  These  features  are  a)  the  quiescent 
current  flows  out  of  the  regulator  output  pin  instead  of  flowing  out  of 
the  regulator  adj  (common)  pin,  b)  the  only  current  flowing  out  of  the 
regulator  adj  pin  is  a  low  level  current  (50  uA)  for  the  reference 
circuit,  c)  the  error  amplifier  is  a  fixed  unity  gain  amplifier  and  is 
therefore  easily  frequency  stabilized,  d)  the  voltage  reference  circuit 
does  not  require  a  special  start-up  circuit  and  d)  large  voltage 
stresses  are  restricted  to  the  series  pass  transistor  and  to  the  on-chip 
current  sources.  The  voltage  (Vo  -  Vadj)  is  a  constant  1.25  volts.  A 
detailed  discussion  of  the  regulator  circuits  can  be  found  in  reference 
1  of  the  bibliography. 
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Figure  11-2.  Schematic  Diagram  of  3-Terminal 
Adjustable  Positive  Voltage  Regulator 

The  schematic  presented  in  figure  11-2  represents  a  typical  3-terminal 
voltage  regulator  of  the  type  characterized  for  this  slash  sheet.  The 
typical  features  of  these  regulators  are  described  as  follows: 

a)  The  current  regulators,  comprised  of  Q1 ,  Q2 ,  Q4,  Q8,  Q10  &  Q14, 
supply  constant  current  to  sensitive  parts  of  the  voltage 
regulator  and  act  as  a  buffer  to  render  the  regulator 
essentially  insensitive  to  line  voltage  variations, 

b)  Transistors  Q3 ,  Q5,  Q6,  Q7  &  Q9  provide  the  circuitry  for  the 
band  gap  voltage  reference  used  to  stabilize  the  regulator 
output  voltage, 

c)  Transistors  Q12  through  Q19  make  up  the  unity  gain  feedback 
amplifier, 

d)  Transistors  Q20  &  Q21  provide  the  circuitry  for  thermal 
shut-down, 

e)  Transistors  Q22  through  Q24  provide  the  circuitry  for  the 
current  limit  and  the  safe  operating  area  protection  circuits 
and 

f)  Transistors  Q25  &  Q26  make  up  the  power  Darlington  regulating 
pass  transistor. 
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11-3  Test  Development 

Devices  used  in  these  characterizations  were  selected  by  a  joint 
decision  of  RADC,  and  the  Circuit  Design  Engineering  activity  of  GEOS 
and  were  approved  by  the  JC-41  Committee.  The  devices  were  obtained 
from  National  Semiconductor  Corporation  and  from  their  distributors. 
Table  11-2  lists  the  device  types  characterized. 

Table  11-2.  Device  Types  Characterized. 


Device 

Date 

Types 

S/N 

Manufacturer 

Codes 

11705 

34-47 

NSC 

7846 

11706 

34-45 

NSC 

7911,  7917 

Test  Parameter  Development 


Test  parameters  were  recommended  by  the  manufacturer  and  are  idential  to 
those  defined  for  device  type  11704,  except  for  output  current.  A  list 
of  the  electrical  parameters  tested  during  characterization  is  repeated 
in  Table  11-3  from  Section  X. 

Table  11-3.  Test  Parameters  for  Characterization 


Item 

No 

Symbol 

Parameter 

1 

v0UT 

Output  Voltage 

2 

VRLINE 

Line  Regulation 

3 

vRLOAD 

Load  Regulation 

4 

VRTH 

Thermal  Regulation 

5 

IADJ 

Adjustment  Pin  Current 

6 

1-ADJ  (Line) 

Adjustment  Pin  Current  Line  Regulation 

7 

IADJ  (Load) 

Adjustment  Pin  Current  Load  Regulation 

8 

I0S 

Output  Short  Circuit  Current 

9 

^peak 

Output  Current  with  Forced  Output  Voltage  of  1.0  Volts 

10 

V0UT  (RECOV) 

Output  Voltage  Recovery  After  Output  Short  Circuit 

11 

VSTART 

Output  Voltage  Start-up  with  Maximum  Load 

12 

XQ 

Quiescent  Current 

13 

vin/vout 

Ripple  Rejection 

14 

NO 

Output  Noise 

15 

vout/vin 

Line  Transient  Response 

16 

VqUT^L 

Load  Transient  Response 

XI-4 


Test  Adapter  Development 


The  development  of  the  test  adapter  for  use  on  the  S-3260/70  Automatic 
Test  Set  evolved  from  the  test  adapter  used  for  characterization  of 
those  devices  described  in  Section  X.  A  quick  analysis  of  this  test 
adapter  showed  that  it  was  capable  of  testing  with  output  currents  as 
high  as  5  amperes.  GEOS  decided,  therefore,  to  test  the  LM150K  and  all 
the  LM138K  parameters  with  currents  of  3  amperes  or  less  by  using  the 
test  adapter  on  the  S3260/70.  The  schematic  for  this  adapter  is  shown 
in  Section  X,  Figure  10-3  and  the  adapter  is  shown  in  Figures  10-4  and 
10-5. 

For  those  LM138K  parameters  with  load  currents  greater  than  5  amperes,  a 
separate  test  circuit  was  constructed.  Because  of  the  larger  currents, 
the  Darlington  transistors,  used  to  control  the  input  voltage  and  the 
output  current  to  the  DUT,  were  replaced  with  larger  devices.  Thus,  the 
general  philosophy  for  testing  voltage  regulators  was  maintained.  The 
entire  test  circuit,  for  testing  with  load  currents  greater  than  5A,  was 
constructed  on  a  S3260/70  test  adapter  card  and  all  tests  were  performed 
in  a  bench  test  set  up.  These  measurements  were  a)  VOUT  with  1L  =  7.0  A 
and  b)  IOS  where  the  peak  value  is  specified  as  16.0  A. 

By  using  pulse  generators,  the  load  currents,  short  circuit  currents 
and  input  voltages  were  pulsed  at  rates  of  one  pulse  per  second  to 
ensure  that  the  average  chip  temperature  remained  at  ambient. 
Measurements  were  made  using  an  oscilloscope  with  a  voltage  comparator 
pre-amp.  Scope  probes  were  connected  directly  to  the  point  to  be 
measured. 

A  schematic  of  the  test  circuit  ror  measuring  the  high  current  test 
parameters  is  shown  in  Figure  11-3  and  the  test  adapter  is  shown  in 
Figures  11-4  and  11-5. 

The  dynamic  test  circuit  schematics  are  shown  in  Section  X,  Figures  10-6 
through  10-9.  Since  the  dynamic  test  conditions  for  testing  LM150K  and 
LM138K  voltage  regulators  are  identical  with  those  required  for  testing 
LM117K  voltage  regulators,  the  same  test  circuits  and  test  procedures 
described  in  Section  X  were  used. 

Burn-in 


A  burn-in  rack  was  constructed  and  five  each  LMISOK's  and  LM138K's  were 
burn-in  tested  in  accordance  with  the  slash  sheet.  The  preburn-in  and 
burn-in  schematics  are  shown  in  Figure  11-6  and  11-7.  The  pre-burn-in 
test  is  run  for  4  hours  at  25°C  and  the  burn-in  test  is  run  for  168 
hours  at  125°C. 
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Tester  Correlation 


The  test  circuit  was  correlated  by  using  an  ammeter  in  series  with  a  low 
level  load  current  and  by  comparing  this  reading  with  the  voltage 
measurement  made  on  the  oscilloscope •  Also  the  steady  state  output 
voltage  measurement  was  correlated  between  the  oscilloscope  measurement 
and  a  voltmeter  measurement.  Both  readings  correlated  to  within  +  52  of 
each  other. 

11.4  Test  Results  and  Data 

The  static  tests  for  the  LM150K  were  performed  on  the  S3260/70  Automatic 
Tester.  Except  for  serial  number  36,  the  LM150K  voltage  regulators 
passed  all  of  the  static  and  dynamic  test  limits.  A  summary  of  these 
test  measurements  is  presented  by  showing  data  distribution  and 
parameter  limits  in  Table  11-4. 

Serial  number  36  of  the  LM150K  voltage  regulators  failed  the  quiescent 
current  (Iql)  test.  Investigations,  proposed  by  the  vendor,  showed  that 
the  device  failed  to  start  without  the  proper  load  resistance  (ie  = 
249  ohm),  with  1.4  volts  applied  to  the  output  pin  and  with  V^n  = 

4.25  V.  Bench  measurements  were  made  by  first  turning  on  the  device 
with  Rl  =  249  ohm,  then  applying  1.4  volts  through  an  ammeter  to  the 
output,  and  finally  removing  the  load  resistor.  The  measured  value  for 
IqI  at  25°C  was  -730UA  which  of  the  14  devices  tested  is  the  lowest 
value  recorded  for  this  parameter.  A  sample  of  the  static  test  data 
taken  at  25°C  is  presented  in  Table  11-5. 


The  static  tests  that  were  performed  on  the  S3260/70  Automatic  Tester 
for  the  LM138K  regulators  were  all  within  the  recommended  test  limits. 

In  addition,  all  of  the  bench  test  measurements  for  the  LM138  with  load 
currents  greater  than  5A  met  the  slash  sheet  test  requirements.  A 
summary  of  these  test  measurements  is  presented  by  showing  data 
distribution  and  parameter  limits  in  Table  11-6.  A  sample  of  the  static 
data  taken  at  25°C  is  presented  in  Table  11-7. 


Tables  11-8,  11-9  and  11-10  list  the  mean  values  of  data  taken  on  each 
of  the  device  type  test  parameters  at  25°C,  -55°C  and  125°C.  The  tables 
include  data  for  all  of  the  3-terminal  devices,  such  as,  the  LM117H, 
LM117K,  LM150K  and  LM138K.  The  comparison  demonstrates  the  device  data 
similarities  of  output  voltage,  adjust  pin  current  and  quiescent 
current.  It  also  demonstrates  the  device  data  differences  in  regulation 
capabilities,  and  output  short  circuit  current  load. 

A  serious  anomaly  was  detected  during  the  output  voltage  measurement 
with  a  pulsed  7  ampere  load  current.  As  the  load  current  was  switched 
from  5  mA  to  7A,  the  output  voltage  dropped  out  of  regulation.  Since 
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the  load  current  Is  controlled  via  a  current  sink  circuit  connected  to 
-7  Vdc,  the  output  voltage  dropped  to  a  negative  voltage.  This, 
however,  was  limited  by  protection  diodes  in  the  test  circuit.  The 
output  voltage  recovered  after  a  period  of  from  100  n  sec  to  600  n  sec. 
As  the  rise  time  of  the  current  pulse  is  varied  from  20  usee  to  80  usee, 
the  dropout  period  decreases  from  its  maximum  time  to  zero  time. 

The  two  oscillographs  in  Figures  11-8  and  11-9  demonstrate  the  affect  on 
the  output  voltage  of  a  change  in  the  current  pulse  rise  time. 

11.5  Discussion  of  Data 

The  data  distribution  summarized  in  Tables  11-4  and  11-6  demonstrates 
the  band  spread  of  the  data  versus  the  band  spread  of  the  limits  for  the 
LM150K  and  the  U1137K  devices,  respectively.  Because  of  the  limited 
sample  size  of  these  parts,  no  statistical  analysis  was  performed.  The 
data  shows  that  the  distribution  is  generally  narrow  and  within  the  band 
spread  of  the  parameter  limits. 

One  of  the  LM150K  devices  failed  the  quiescent  current  test.  Analysis 
and  investigation  showed  that  the  failure  occurred  because  the  part 
failed  to  start  up  in  a  totally  unloaded  condition.  Since  this 
represents  an  unrealistic  user  application,  since  the  slash  sheet 
specifies  a  249  ohm  resistor  from  output  to  adjust  pins  and  since 
start-up  testing  is  inherent  in  the  test  procedure,  GEOS  concludes  that 
user  oriented  start-up  problems  will  be  readily  detected.  The  failure 
is  not  one  that  would  occur  in  a  user  application.  In  addition,  the 
marginally  low  quiescent  current  did  not  degrade  any  of  the  other 
parameters. 

All  of  the  LM138K  devices  exhibited  the  same  anomaly  for  fast  rising 
current  pulses.  The  oscillographs  in  Figures  11-8  and  11-9  demonstrate 
the  affect  of  these  pulses  on  output  voltage. 

As  the  rise  time  is  slowed  the  output  voltage  drop  out  period  decreases 
and  is  eventually  eliminated.  The  addition  of  capacitance  at  the  output 
of  the  regulator  had  the  affect  of  slowing  the  rise  time  of  the  current 
pulse.  Therefore,  the  slash  sheet  recommends  that,  in  applications 
where  fast  rising  high  current  pulses  are  anticipated,  an  output 
capacitor  of  20  uF  or  more  shall  be  used. 

All  of  the  devices  passed  the  post  burn-in  tests  performed  on  the 
S3260/70.  One  LM138K,  serial  number  44,  was  destroyed  during  the  high 
current  bench  tests  as  a  result  of  a  set  up  fault.  The  remaining  devices 
passed  the  postburn-in  bench  tests. 


11.6  Slash  Sheet  Development 

The  slash  sheet  for  these  devices  was  essentially  complete  at  the 
beginning  of  the  characterization  effort.  Section  X  of  this  report 
describes  the  characterization  effort  that  initiated  slash  sheet 
MIL-M-38510/117.  The  devices  described  in  this  section  were  added  to 
MIL-M-38510/1 17.  To  do  this,  device  types  11705  and  11706  were  added  to 
Tables  I  through  IV  of  the  slash  sheet.  Figure  17  was  added  to  describe 
the  test  circuit  required  for  the  high  current  static  tests  and  minor 
modifications  to  the  text  were  required  to  include  the  new  device  type. 
The  test  circuit  is  presented  in  Figure  11-3. 

A  summary  of  the  slash  sheet  Table  1  for  device  types  11705  and  11706, 
respectively,  is  presented  in  Table  11-11. 

11.7  Conclusions  and  Recommendations 

The  test  circuits  used  in  these  characterizations  can  be  used  either 
with  automatic  testers  or  In  bench  type  set-ups.  The  test  circuits  are 
readily  constructed;  however,  precautions  must  be  taken  in  operating  the 
circuits. 

1.  The  circuits  are  designed  for  pulse  operation  and  excessive 
power  dissipation  can  damage  some  of  the  components. 

2.  High  currents  (ie.  7  amperes)  will  result  in  voltage  measurement 
errors  i je.  7  millivolts/milliohm)  unless  differential  voltage 
measurements  are  made  directly  at  and  across  the  points  of  interest. 

In  order  to  prevent  excessive  power  dissipation  during  turn-on  of  the 
bench  test  circuit,  GEOS  recommends  that  normally  closed  relay  contacts 
be  added  between  the  base  and  ground  base  and  emitter  of  the  output 
power  transistor.  This  relay  can  be  used  to  control  current  during  power 
turn-on  and  turn-off.  In  addition,  voltage  sense  lines  of  the  input 
power  transistor  and  between  should  be  used  abundantly  and  should  be 
tied  to  or  soldered  to  the  point  to  be  measured. 

Many  applications  will  require  switching  of  heavy  load  currents  at  the 
output  of  the  voltage  regulator.  For  these  applications,  a  large 
capacitor  (ie.  20  uF  or  greater)  should  be  connected  between  the 
regulator  output  and  ground.  When  these  recommendations  are  properly 
observed  the  test  circuits  and  the  devices  perform  "as  advertized”. 


LINE  REGULATION  WAVEFORMS 


LOAD  REGULATION  WAVEFORMS 


Figure  11-3.  Test  circuit  for  static  tests  for  device  types  05  and  06.  (cont 
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Notes : 


1.  Heavy  current  paths  (I  <  1.0A)  are  indicated  by  bold  lines. 

2.  Kelvin  connections  must  be  used  for  all  output  current  and  voltage 
measurements. 

3.  Op  amp  stabilization  networks  may  vary  with  test  adapter 
construction.  Alternate  drive  currents  for  the  power  transistor 
may  be  used  to  develop  the  proper  load  current  and  input  voltage 
pulses. 

4.  Relay  switch  positions  are  defined  in  the  appropriate  Table  III 
of  the  slash  sheet. 

5.  Load  currents  of  5  mA  are  established  via  the  load  resistors  Ri 
and  R£.  All  other  load  currents  shall  be  established  via  the 
pulse  load  circuit. 

6.  The  pulse  generator  for  the  pulse  load  circuit  shall  have  the 
following  character isitics. 

a.  Pulse  amplitude  =  -10 (  IL  -  Vq/CRj  +  R2))  volts 

b.  Pulse  width  =  1.0  mS  (unless  otherwise  stated) 

c.  Duty  cycle  =  27.  (maximum) 

7.  Load  circuits  shall  be  determined  by  the  voltage  measured  across 
the  1  ohm  resistor.  Measurements  shall  be  made  0.5  ms  after  the 
start  of  the  pulse. 

8.  Vin  (LOW)  and  Vin  (HIGH)  per  the  appropriate  Table  III  of  the 
slash  sheet. 


9. 

VRLINE  *  VB  “  VA 

10. 

The  output  voltage 
pulse  width  is  100 

is 

us 

samples  at 
maximum. 

specified  intervals.  Strobe 

11. 

II  (minimum)  and 
slash  sheet. 

II 

(maximum) 

per  the  appropriate  Table  III  of  the 

12. 

VRLQAD  =  VD  '  VC 

13. 

VKTH  "  VD  -  VE 

14. 

Force  voltage,  Vj  = 

=  - 

15  volts; 

Relay  K4  is  energized. 

15. 

Iqs  =  (II)  AmPs 

Figure  11-3.  Test  circuit  for  static  tests  for  device  types  05  and  06. 
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16.  Ipk  =  (IL  +  V0/RL  +  V0/(Ri  +  R2)  Amps 

17.  For  device  types  01  &  02,  t  =  10.5  msec. 
For  device  types  03  &  04,  t  »  20,5  msec. 


Figure  11-3.  Test  circuit  for  static  tests  for  device  types  05  and  06.  (cont'd) 
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(Top  View) 

Figure  11-4  High  Current  Voltage  Regulator  Test  Adapte 


(Bottom  View) 

Figure  11-5  High  Current  Voltage  Regulator  Test  Adapte 


NOTES: 

1.  Vin«20V. 

2.  Test  Is  conducted  at  T^  *  25°C  without  a  heat  sink  for  a  minimum  of  4  hours. 

3.  The  1.0  pF  capacitor  may  be  reduced  or  eliminated  provided  the  device  remains 
stable. 

4.  The  control  pin  connection  is  required  for  device  types  01  and  02  only. 


Figure  LI-6.  Pre  burn-in  test  circuit. 


«L(SEE 

TABLE) 


Device  table 


Device 

type 

01 

02 

03 

04 

VIN 

20  V 

20  V 

36.5  V 

36.5  V 

8870 

1180 

250ft 

63.4ft 

ci 

0.33  uF 

0.33  uF 

1.0  pF 

1.0  pF 

CL 

0.1  pF 

0.1  pF 

1.0  pF 

1.0  pF 

NOTES: 

1.  Test  Is  conducted  without  a  heat  sink. 

2.  The  capacitors  may  be  reduced  or  eliminated  provided  the  device  remains  stable. 

3.  The  control  pin  connection  is  required  for  device  types  01  and  02  only. 


Figure  11-7.  Burn-in  and  operating  life  test  circuit. 
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Top  trace  =  Output  current  sink  pulse 
Bottom  trace  =  Voltage  regulator  output  voltage 
Figure  ll-8.  Output  voltage  versus  load  current. 


Top  trace  =  output  current  sink  pulse 
Bottom  trace  =  voltage  regulator  output  voltage 
Figure  11-9.  Output  voLtage  versus  load  current. 


7A 

5  mA 

225  V 

6.25  V) 


7A 

5  mA 
225  V 

6.25  V) 
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Table  11-4.  UU50K  Data  Distribution  &  Parameter  Limits. 


PARAMETER 

(-55°C  1TA  <_  125°C) 

* 

[///DATA////] 

* 

UNIT 

ulv— — 

""LIMA 1— - 

Output  Voltage 

* 

1.20  . 

l ///////] 

* 

*  1.30 

V 

Output  Voltage 
(TA  *  150°C) 

* 

1.20  . 

[/////I 

* 

.  1.30 

V 

Line  Regulation  1 
(TA  -  25 °C) 

*  [/]  * 
-4.0.4 

mV 

Line  Regulation  1 

* 

-20 

{] 

•  «  .  0  .  .  « 

* 

20 

mV 

Load  Regulation  1 
(TA  «  25°C) 

*  [/]  * 
-3.5  0  3.5 

mV 

Load  Regulation  1 

. 

*  (/]  * 
12.  .  0  .  .12 

mV 

Load  Regulation  2 
(TA  -  25°c) 

*  tl  * 
-3.5  0  3.5 

mV 

Load  Regulation  2 

*  [/]  * 
•12.  .  0  .  .12 

mV 

Thermal  Regulation 
(TA  -  25°C) 

*  [/]  * 
-5.0.5 

mV 

Adjust  Pin  Current 

* 

-10C 

[////] 

* 

-15 

uA 

Delta  Adjust  Pin  Current 
(Line  &  Load) 

*  f] 

-5.  .  0  .  .5 

uA 

Minimum  Load  Current 

1  &  2 

*  1////I* 

-3  ....  -.5 

mA 

Minimum  Load  Current 

3 

* 

-5 

[/////////] 

•  •••••• 

* 

-1 

mA 

Output  Short  Circuit  Current  1 
and  peak  output  current 

* 

-5.2. 

1//I  * 

.  .  .  -1.5 

A 

Output  Short  Circuit 

Current  2 

-2  .  .■ 

* 

-.15 

A 
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Table  11-5. 

POS.  ADJ.  UOLTAQE  REQULATORS-U11S0K)  TEMPERATURE »  25  DEG  C  |  23  APR  80 
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Table  11-6.  LM138K  Data  Distribution  &  Parameter  Limits. 


PARAMETER 

(-55°C  <_TA  £  125°C) 

*  {///DATA////]  * 

LL< - LIMIT - >HL 

UNIT 

Output  Voltage 

1. 

*  I///////////)  * 

19 . 1. 

,29 

V 

Output  Voltage 
(TA  =  1 50°C) 

1. 

*  {/////]  * 
19 . 1. 

.29 

V 

Line  Regulation  1 
(TA  »  25°C) 

*  [/)* 
-4.0.4 

mV 

Line  Regulation  1 

*  (/]  * 

-17.  .  .  0  .  .  .IT 

mV 

Load  Regulation  1 
(TA  =  25°C) 

*  [/]  * 

-3.8  0  3.8 

mV 

Load  Regulation  1 

*  U  * 
-8.0.8 

mV 

Load  Regulation  2 
(TA  =  25°C) 

*  [1  * 

-3.8  0  3.8 

mV 

Load  Regulation  2 

*  []  * 
-8.0.8 

mV 

Thermal  Regulation 
(TA  =  25°C) 

*  [//]  * 
-2.0.2 

mV 

Adjust  Pin  Current 

*  [//]  * 
-100 . -13 

uA 

Delta  Adjust  Pin  Current 
(Line  &  Load) 

*  [I  * 

-3.  .  0  .  .5 

uA 

Minimum  Load  Current 

1  &  2 

*  {//]* 

-3  .  .  .  .  -.5 

mA 

Minimum  Load  Current 

3 

*  [////l  * 

-3 . -I 

mA 

Output  Short  Circuit 

Current  1 
t  *  .1  as 

* 

-16 

[///]  * 
. -7 

A 

Output  Short  Circuit 

Current 
t  =  .5  ms 

* 

-16 

[////]* 
. -7 

A 
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Table  11-6.  LM138K  Data  Distribution  &  Parameter  Limits  (Cont'd) 


PARAMETER  *  [///DATA////]  * 

(-55°C  <.TA  <.  125°C)  LL< - LIMIT - >HL  UNIT 


Output  Short  Circuit  Current  1  *  [/////]  * 

t  “  5.0  ms  -15  . . .  .  .-5  A 


Output  Short  Circuit  Current  2 

t  ■  10.0  ms 


*  [//////]  * 

-3 . -.2 
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Table  11-8.  Comparison  of  3-Terminal  Device  Data  (25°C). 
(Average  measured  data) 


Condition  [  Generic  Device  Type  ] 


Parameter 

VIN  (V) 

IL  i 

(mA) 

LM117H 

LM117K 

LM150K 

LM138K 

Units 

V0UT1 

4.25 

5 

+1.240 

+1.246 

+1.257 

+1.241 

V 

V0UT2 

4.25 

IMAX 

+1.233 

+1.245 

+1.257 

+1.241 

V 

V0UT3 

VIN  MAX 

r 

V 

+1.247 

+1.251 

+1.259 

+1.243 

V 

V0UT4 

VIN  MAX 

11 

+1.245 

+1.248 

+1.259 

+1.241 

V 

V0UT5 

6.25 

7000 

- 

- 

- 

+1.241 

VRLINE 

4.25 
VIN  MAX 

5 

+5.771 

+4.235 

+1.223 

+1.651 

mV 

VRL0AD1 

6.25 

5 

-5.237 

-.050 

-.449 

-.357 

mV 

IMAX 

VRL0AD2 

VIN  MAX 

5 

-1.663 

-2.174 

-.062 

-.308 

mV 

11 

VRTH 

VI 

12 

+2.941 

+3.142 

+1.483 

-.338 

mV 

IADJ1 

4.25 

5 

-50.11 

-55.761 

-44.87 

-44.00 

uA 

(LINE) 

IADJ2 

VIN  MAX 

5 

-50.74 

-56.127 

-44.93 

-44.19 

uA 

(LINE) 

D-IADJ 

4.25 

5 

-.635 

-.365 

-.065 

-.190 

uA 

(LINE) 

VIN  MAX 

D-IADJ 

6.25 

5 

-.682 

-.155 

-.532 

-.012 

uA 

(LOAD) 

IMAX 

I0S1 

4.25 

(t  - 

.  1  ms) 

-1.240 

-2.711 

-3.953 

-8.862 

A 

(t  = 

.5  ms) 

- 

- 

- 

-8.818 

A 

(t  = 

5.0ms) 

- 

- 

- 

-8.748 

A 

VOUT  RECOV 

+1.236 

+1.247 

+1.256 

+1.241 

V 

I0S2 

V2 

(t  - 

10  ms) 

-  .226 

-  .471 

-.455 

-1.156 

A 

VOUT  RECOV 

+1.249 

+1.251 

+1.259 

+1.243 

V 

I  PEAK 

4.25 

D-VOUT— 1.0V-1.241 

-2.409 

-4.264 

- 

A 

VOUT  RECOV 

+1.236 

+1.247 

+1.258 

- 

V 

IQ1 

4.25 

VOUT 

-1.4V 

-1.293 

-1.318 

-1.023 

-  .888 

mA 

IQ2 

14.25 

VOUT 

-1.4V 

-1.443 

-1.670 

-1.416 

-1.027 

mA 

IQ3 

VIN  MAX 

VOUT 

-1.4V 

-3.487 

-3.729 

-2.977 

-2.728 

mA 

VSTART 

4.25 

IMAX 

+1.234 

+1.246 

+1.256 

+1.241 

V 

IMAX  - 

-500 

-1500 

-3000 

mmm 

mA 

11 

-  50 

-  200 

-150 

WESm 

mA 

12 

-750 

-1500 

-1000 

-1000 

mA 

Table  11-8.  Comparison  of  3-Terminal  Device  Data  (25°C)  (Cont'd) 
(Average  measured  data) 


Condition 


Generic  Device  Type 


VIN  MAX  = 

VI 

V2 


LM117H 

LM117K 

LM150K 

LM138K 

41.25 

41.25 

36.25 

36.25 

14.60 

14.60 

11.25 

11.25 

40.00 

40.00 

35.00 

35.00 

XI-22 
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Table  11-9.  Comparison  of  3-Terminal  Device  Data  (-55°C). 
(Average  measured  data) 


Parameter 

Condition 
VIN  (V)  IL 

(mA) 

l 

LM117H 

Generic  ] 
LM117K 

Device  Type 
LM150K 

1 

LM138K 

Units 

V0UT1 

4.25 

5 

+1.240 

+1.246 

+1.250 

+1.229 

V 

V0UT2 

4.25 

IMAX 

+1.234 

+1.245 

+1.249 

+1.228 

V 

V0UT3 

VIN  MAX 

5 

+1.245 

+1.249 

+1.251 

+1.230 

V 

V0UT4 

VIN  MAX 

11 

+1.244 

+1.247 

+1.251 

+1.230 

V 

V0UT5 

6.25 

7000 

- 

- 

- 

+1.227 

V 

VRLINE 

4.25 

5 

+4.830 

+3.192 

+1.508 

+1.907 

mV 

VIN  MAX 

VRL0AD1 

6.25 

5 

+.328 

+.842 

+.477 

-.334 

mV 

IMAX 

VRL0AD2 

VIN  MAX 

5 

-.927 

+.943 

-.284 

-.563 

mV 

11 

vrth 

VIN  MAX 

12 

+4.083 

+3.657 

+.627 

-.306 

mV 

VI 

- 

- 

- 

mV 

IDAJ1 

4.25 

5 

-40.57 

-46.51 

-37.63 

-35.90 

uA 

(LINE) 

IADJ2 

VIN  MAX 

5 

-42.30 

-46.76 

-37.76 

-36.06 

uA 

(LINE) 

D-IADJ 

4.25 

5 

-1.729 

-.249 

-.129 

-.153 

uA 

(LINE) 

VIN  MAX 

D-IADJ 

6.25 

5 

-1.435 

-.382 

-1.354 

-.017 

uA 

(LOAD) 

IMAX 

IOS1 

4.25 

(t  = 

1 

ms) 

-1.258 

-2.751 

-4.142 

-8.626 

A 

(t  =. 

,5 

ms) 

- 

- 

- 

-8.641 

A 

(t  = 

5 

ms) 

- 

- 

- 

-8.844 

A 

VOUT  RECOV 

(t  =] 

LO 

ms) 

+  1.238 

+1.246 

1.250 

1.226 

V 

IOS2 

V2 

-.329 

-.698 

-  .689 

-1.669 

A 

VOUT  RECOV 

+1.248 

+1.249 

1.252 

1.231 

V 

I  PEAK 

4.25  D-VOUT=- 

1.0V 

-1.262 

-2.315 

-4.350 

- 

A 

VOUT  RECOV 

+1.237 

+1.245 

1.250 

- 

V 

IQ1 

4.25 

VOUT 

=  1 

•  4V 

-1.023 

-1.052 

-1.082 

-.741 

mA 

IQ2 

14.25 

VOUT 

-I 

•  4V 

-1.380 

-1.461 

-1.742 

-1.209 

mA 

IQ3 

IN  MAX 

VOUT 

-1 

.4V 

-3.377 

-3.632 

-3.653 

-2.809 

mA 

VS TART 

4.25 

IMAX 

+1.235 

+1.245 

-1.249 

+1.229 

V 

IMAX 

-500 

-1500 

-3000 

-7000 

mA 

11 

-50 

-200 

-150 

-150 

mA 

12 

-125 

-500 

-1000 

-1000 

mA 

VIN  MAX- 

41.25 

41.25 

36.25 

36.25 

V 

VI 

14.60 

14.60 

11.25 

11.25 

V 

V2 

40.00 

40.00 

35.00 

35.00 

V 

XI-23 
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Table  11-10.  Comparison  of  3-Terminal  Device  Data  (125°C). 
(Average  measured  data) 


Parameter 

Condition 

VIN  (V)  12  (mA) 

(  Generic  Device  Type  ] 

LM117H  LM117K  LM150K  LM138K 

Units 

V0UT1 

4.25 

5 

+1.235 

+1 . 238 

+1.263 

+1.250 

V 

V0UT2 

4.25 

IMAX 

+1.225 

+1.235 

+1.268 

+1.248 

V 

V0UT3 

VIN  MAX 

5 

+1.242 

+1.243 

+1.265 

+1.251 

V 

V0UT4 

VIN  MAX 

11 

+1.240 

+1.239 

+1.265 

+1.251 

V 

VOUT5 

6.25 

7000 

- 

- 

- 

+1.245 

VRLINE 

4.25 

5 

+7.250 

+5.077 

+1.467 

+1.990 

mV 

VIN  MAX 

VRL0AD1 

6.25 

5 

'5 . 1  o  1 

-1.269 

-1.116 

-.896 

mV 

IMAX 

VRL0AD2 

VIN  MAX 

5 

-2.500 

-3.519 

+.043 

-.297 

mV 

11 

VRTH 

VI 

12 

+2.104 

+2.702 

+2.257 

-.180 

mV 

1ADJ 

4.25 

c 

-55.36 

-60.63 

-50.22 

-48.57 

uA 

(LINE) 

IADJ2 

VIN  MAX 

5 

-55.95 

-61.03 

-50.36 

-48.76 

uA 

(LINE) 

D-IADJ 

4.25 

5 

-.585 

-  .408 

-.142 

-.186 

uA 

(LINE) 

D-IADJ 

6.25 

5 

-.235 

+  .022 

-.048 

-.054 

uA 

(LOAD) 

IMAX 

IOS1 

4.25 

(t  «=.l 

ms) 

-1.187 

-2.354 

-3.678 

-8.174 

A 

(t  =.5 

ms) 

- 

- 

- 

-8.096 

A 

(t  =  5 

ms) 

- 

- 

- 

-7.909 

A 

VOUT  RECOV 

+1.228 

+1.237 

+1.261 

+1.245 

V 

I0S2 

35.00 

(t  =10 

ms) 

-  .235 

-  .431 

-  .389 

-.848 

A 

VOUT  RECOV 

+1.244 

+1.243 

+1.265 

+1.251 

V 

IPEAK 

4.25 

D-VOUT 

=-lV 

-1.186 

-1.990 

-3.955 

- 

A 

VOUT  RECOV 

+1.227 

+1.236 

+1.264 

- 

V 

IQ1 

4.25 

VOUT  = 

1.4V 

-1.450 

-1.478 

-.986 

-.930 

mA 

IQ2 

14.25 

VOUT  = 

1.4V 

-1.714 

-1.771 

-1.322 

-1.208 

mA 

IQ3 

41.25 

VOUT  = 

1.4V 

-3.396 

-3.591 

-2.561 

-2.485 

mA 

V START 

4.25 

IMAX 

+1.225 

+1.236 

+1.261 

+1.248 

V 

I  MAX 

-500 

-1500 

-3000 

-5000 

mA 

11 

-50 

-  200 

-150 

-150 

mA 

12 

-125 

-  500 

-1000 

-1000 

mA 

VIN  MAX  - 

41.25 

41.25 

36.25 

36.25 

V 

VI 

14.60 

14.60 

11.25 

11.25 

V 

V2 

_ 

40.00 

40.00 

35.00 

35.00 

V 
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Table  11-11.  Electrical  performance  characteristics. 

(~55°C  <j.  TA  £  125°C  unless  otherwise  stated) 

Device  Limits 

Characteristic  Symbol  Test  Conditions  Types  Min  Max  Units 

Output  voltage  VOUT  V1N=4.25V 

IL*-5mA,-3.0A  05  1.20  1.30  V 

IL=-5mA,-5.0A  06  1.19  1.29  V 

VIN=36 . 25V 

IL=-5mA, -150mA  05  1.20  1.30  V 

IL=- 5mA, -150mA  06  1.19  1.29  V 

VIN=6.25V 

1L=-7.0A  06  1.19  1.29  V 

IL=-5mA  ;  TA=150°C  05  1.20  1.30  V 

lL=-5mA  ;  TA=150°C  06  1.19  1.29  V 

Line  Regulation  VRL1NE  4.25  <VIN  <36. 25V 

!L=-5mA  ;  TA=25°C  05,06  -4  4  mV 

IL=-5mA  05  -20  20  mV 

IL=-5mA  06  -17  17  mV 

Load  Regulation  VRLOAD  V1N=6.25V 

-3.0A  _<X L  <_-5mA  05  -3.5  3.5  mV 

TA=25°'c 

-5.0A  ^IL  <?5mA  06  -3.5  3.5  mV 

TA=»25°C 

-3.0A  <IL  <.-5mA  05  -12  12  mV 

-5.0A  1IL  £-5mA  06  -12  12  mV 

VIN=36.25V 

-150mA  ^1L  ^-5mA  05  -3.5  3.5  mV 

TA=25°C 

-150mA  JJ.L  <_-5mA  06  -3.5  3.5  mV 

TA=25°C 

-150mA  1IL  .£-5mA  05  -12  12  mV 

-150mA  _£IL  <.-5mA  06  -8  8  mV 

Thermal  VRTH  VIN-11.25 

Regulation  IL— 1.0A  ;  TA*25°C  05  -5  5  mV 

1L—1.0A  ;  TA*25°C  06  -2  2  mV 

Adjust  pin  1ADJ  VIN-4.25V 

current  IL»-5mA  05,06  -100  -15  uA 

VIN-36.25V 

IL*-5mA  05,06  -100  -15  uA 
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Table  11-11.  Electrical  performance  characterises  (Cont’d) 
(-55°C  <  TA  <  125°C  unless  otherwise  stated) 


Characteristic 

Symbol 

Test  Conditions 

Device 

Types 

Limits 

Min  Max 

Units 

Adjust  pin 

D-1ADJ 

4.25  £yiN  .£36. 25V 

current  change 

(LINE) 

IL*-5mA 

05,06 

-5 

5 

uA 

versus  line 

voltage 

Adjust  pin 

D-IADJ 

VIN=6.25V 

current  change 

(LOAD) 

-3.0A  j£IL  <-5mA 

05 

-5 

5 

uA 

versus  load 

-5.0A  _£,IL  <.-5mA 

06 

-5 

5 

uA 

voltage 

Minimum  load 

IQ 

4.25V  IVIN  <.14. 25V 

current 

(forced  V0UT-1.4V) 

05,06 

-3.0 

-.5 

tnA 

VIN=36.25V 

(forced  V0UT*1.4V) 

05,06 

-5.0 

-.5 

mA 

Output  short 

10S1 

VIN=4.25V;  t=10  ms 

05 

-5.2 

-.5 

A 

circuit  current 

I0S2 

VIN=35V  ;  t-10  ms 

05 

-2.0 

-.15 

A 

rosi 

VIN=4.25V;  t=0.1ms 

06 

-16.0 

-7.0 

A 

I0S2 

VIN=4.25V;  t*0.5ms 

06 

-16.5 

-7.0 

A 

I0S3 

VIN“4.25V;  t*5.0ms 

06 

-15.0 

-5.0 

A 

I0S4 

VIN=35V  ;  t=10  ms 

06 

-3.0 

-.2 

A 

Output  voltage 

VOUT 

V1N-4.25V  (after  10S1) 

recovery  after 

(RECOV) 

RL=0.416  ohms  ;  CLs20uF  05 

1.20 

1.30 

V 

output  short 

(after  IOS3) 

circuit  current 

RL=0.25  ohms  ;  CL=20uF  06 

1.19 

1.29 

V 

V1N=35V 

RL=250  ohms  (after  10S2  05 

1.20 

1.30 

V 

RLa,250  ohms  (after  I0S4  06 

1.19 

1.29 

V 

Voltage  start-up 

VSTART 

VIN-4.25V 

RL“0.416  ohms  ;  CL=20uF  05 

1.20 

1.30 

V 

RL=0.25  ohms  ;  CL*20uF  06 

1.19 

1.29 

V 

Ripple  rejection 

D-VIN 

VIN-6.25V 

/D-VOUT 

Ei-IVRMS  ;  fo-2400  Hz 

1L=- 500mA 

05,06 

65 

— 

dB 

Output  noise 

NO 

VIN-6.25V 

Voltage 

TA“25°C 

IL**-  100mA 

05,06 

- 

120 

uV 

XI-26 


1 


i 


Table  11-11.  Electrical  performance  characteristics  (Cont'd) 
(-55°C  <  TA  <  125°C  unless  otherwise  stated) 


Characteristic 

Symbol 

Test  Conditions 

Device 

Types 

Limits 

Min  Max 

Units 

Line  transient 
response 

D-VOUT 

/D-VIN 

VIN-6.25V 

D-VIN=3.0V 

TA=25°C 

lL=-10mA 

05,06 

6 

mV/V 

Load  transient 
response 

D-VOUT 

/D-IL 

VIN=6.25 

TAa25°C 

!L=-100mA 

D-lL=-400mA 

05,06 

.3 

mV/mA 

XI-27 
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SECTION  XII 


ADJUSTABLE  NEGATIVE  VOLTAGE  REGULATORS 
MIL-M-38510/118 

(Highlights  of  and  extension  to  Technical 
Report  RADC-TR-80-49  Section  III) 

12.1  Introduction 

Prior  characterization  efforts  for  RADC  resulted  in  the  development  of 
slash  sheet  MIL-M-38510/1 15  for  3-terminal  Fixed  Negative  Voltage 
Regulators.  That  slash  sheet  specifies  regulators  with  -5  Volts,  -12 
Volts, -15  Volts  and  -24  Volts  which  complement  the  fixed  positive 
voltage  regulators  specified  in  MIL-M-38510/1 07 . 

Adjustable  voltage  regulators  are  available  in  several  case  sizes  and 
current  outputs.  Device  types  79G  and  79MG  were  considered  for  this 
characterization  because  of  their  similarity  to  the  79xx  and  79Mxx 
families.  Device  type  LM137H  and  LM137K.  were  considered  for  this 
characterization  because  they  compliment  the  LM117H  and  LM117K  devices 
described  in  Section  X  and  because  of  their  user  acceptance.  All  device 
types  were  selected  by  a  joint  decision  of  RADC,  the  JC-41  Committee  and 
the  Circuit  Design  Engineering  activity  of  GEOS. 

Table  12-1  lists  the  device  types  specified  for  this  characterization. 


Device 

T.yP* 

11801 

11802 

11803 

11804 

12.2  Description  of  Device  Types 

The  major  physical  distinctions  between  the  various  voltage  regulators 
characterized  for  this  slash  sheet  are  the  same  as  those  described  for 
the  adjustable  positive  voltage  regulators  in  Section  X  and  are  shown  in 
Table  12-1.  These  features  are:  1)  voltage  range,  2)  maximum  output 
current,  3)  number  of  terminals  and  4)  case  size. 

All  of  these  devices  contain  protective  circuitry  common  to  all  IC 
voltage  regulators  characterized  by  GEOS  on  this  contract.  These 
circuits  include  a)  output  current  limiting,  b)  short  circuit 
protection,  c)  safe  operating  area  protection  and  d)  thermal  shut  down. 
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Table  12-1.  Device  Types  Specified. 


Generic 

.  lyPS.  - 

79MG 

79G 

LM137H 

LM137K 


Manufacturer 

Fairchild 

Fairchild 

NSC 

NSC 


Output  Voltage  Output 

_ Range  Current 

-30V  <  VO  <  -5V  0.5A 

-30V  <  VO  <  -5V  1.0A 

-37V  _<  VO  <  -1 .25V  0.5A 

-37V  <  VO  <  -1.25V  1.5A 


No.  of 
Terminals 
4 

4 
3 

5 


/ 


i 


General  block  diagrams  for  the  4-terminal  adjustable  negative  voltage 
regulator  and  the  3-terminal  adjustable  negative  voltage  regulator  are 
shown  in  Figures  12-1  and  12-2,  respectively. 


COMMON 


Figure  12-1.  Block  Diagram 
of  4-Terminal  Adjustable  Negative  Voltage  Regulators. 


Common 


Regulated 

output 


V„  =  ' 


Ra  +  rB 


(-1.25) 


input 


Figure  12-2.  Block  Diagram 
of  3-Terminal  Adjustable  Negative  Voltage  Regulators. 
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The  block  diagrams  of  these  devices  are  similar  to  their  adjustable 
positive  voltage  regulator  counterparts.  Functionally,  the  positive  and 
negative  voltage  regulators  contain  the  same  operating  circuits. 

However,  because  the  substrates  for  the  negative  regulators  are 
referenced  to  the  negative  input  supply,  major  changes  to  the  circuitry 
are  required  to  yield  performance  similar  to  that  of  the  positive 
voltage  regulators.  Also,  because  the  circuit  reference  (ie  input 
supply  voltage)  is  less  stable  than  a  reference  ground,  additional 
forward  gain  is  required  for  the  error  amplifier  to  maintain  a  low  line 
regulation  specification.  However,  this  results  in  a  less  stable  device 
and  additional  input  and  output  shunt  capacitance  is  required  to 
stabilize  the  negative  regulators. 

12.3  Test  Development 

Devices  used  in  these  characterizations  were  selected  by  a  joint 
decision  of  RADC,  the  JC-41  Committee  and  the  Circuit  Design  Engineering 
activity  of  GEOS.  The  devices  were  obtained  from  two  manufacturers  on 
the  JC-41  Committee  and  from  their  distributors.  Table  12-2  lists  the 
device  types  characterized. 

Table  12-2.  Device  Types  Characterized. 


Device 

Type 

S/N 

Manufacturer 

Date 

Codes 

11801 

1-5 

F.  rchild 

7906 

11802 

1-5 

Fairchild 

7639,  7916 

11803 

1-10 

HSC 

7902 

11804 

1-10 

NSC 

7836 

Test  Parameter  Development 

Test  parameters  for  the  adjustable  positive  voltage  regulators  and  the 
adjustable  negative  voltage  regulators  were  developed  concurrently.  A 
list  of  the  electrical  parameters  tested  during  characterization  is 
repeated  from  Section  X,  Table  10-3,  and  is  presented  in  Table  12-3  Test 
Parameters  for  Characterization. 


Table  12-3.  Test  Parameters  for  Characterization. 


Test 

No 

Symbol 

Pa rameter 

1 

vOUT 

Output  Voltage 

2 

VRLINE 

Line  Regulation 

3 

vL0AD 

Load  Regulation 

4 

VRTH 

Thermal  Regulation 

5 

XADJ 

Adjustment  Pin  Current 

6 

XADJ  (Line) 

Adjustment  Pin  Current  Line  Regulation 

7 

Iadj  (Load) 

Adjustment  Pin  Current  Load  Regulation 

8 

*os 

Output  Short  Circuit  Current 

9 

ipeak 

Output  Current  with  Forced  Output  Voltage  of  +1.0  Volts 

10 

V0UT  (RECOV) 

Output  Voltage  Recovery  After  Output  Short  Circuit 

11 

VSTART 

Output  Voltage  Start-up  with  Maximun  Load 

12 

lQ 

Quiescent  Current 

13 

vin/vout 

Ripple  Rejection 

14 

NO 

Output  Noise 

15 

vout/vin 

Line  Transient  Response 

16 

v0UT/rL 

Load  Transient  Response 

Test  Adapter  Development 


The  test  adapter  used  for  these  characterizations  is  the  same  as  the 
test  adapter  used  to  characterize  the  adjustable  positive  voltage 
regulators.  The  schematic  of  the  static  test  circuit  is  shown  in  Figure 
12-3.  The  test  adapter  is  shown  in  Section  X,  Figures  10-4  and  10-5.  A 
complete  description  of  this  test  adapter  is  presented  in  Section  X, 
paragraph  10.3. 


In  order  to  acheive  this  versatility,  the  tester  protection  diodes  and 
the  transistors  are  mounted  on  DIP  carriers,  and  the  Darlington 
transistors  are  plugged  into  a  transistor  socket.  The  test  adapter  is 
readily  changed  to  test  negative  voltage  regulators  by  changing  the  DIP 
carrier  with  reverse  mounted  diodes  and  by  changing  the  NPN  transistors 
for  PNP  transistors.  In  addition,  special  load  resistors  are  mounted  on 
DIP  carriers  and  each  device  type  mounts  into  an  interim  adapter. 

Dynamic  tests  for  the  voltage  regulators  include  a)  ripple  rejection,  b) 
line  transient  response,  c)  load  transient  response  and  d)  output  noise. 
No  dynamic  tests  were  run  on  the  79MG  or  79G  because  of  their 
similarity  to  the  79MXX  and  79XX  voltage  regulator  families  which  were 
characterized  on  a  previous  contract.  Dynamic  tests  were  performed  on 
the  LM137H  and  LM137K  devices  and  the  bench  test  circuit  schematics  are 
shown  in  Figures  12-4  thru  12-7.  The  noise  test  circuit  schematic  is 
shown  in  Figure  12-4.  The  test  is  performed  using  an  oscilloscope  with 
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a  differential  preamplifier  with  bandwidth  control.  The  bandwidth  is 
set  to  have  a  pass  band  from  10  Hz  to  10  kHz  and  the  peak-to-peak 
measurement  of  the  noise  was  made.  The  ripple  rejection  test  circuit 
schematic  is  shown  in  Figure  12-5.  The  test  is  performed  using  the 
above  oscilloscope.  The  bandwidth  is  adjusted  to  reduce  the  high 
frequency  noise  without  affecting  the  2400  Hz  ripple  frequency.  The 
2400  Hz  ripple  at  the  regulator  output  is  measured  on  the  oscilloscope 
as  a  peak-to-peak  voltage.  Line  transient  response  and  load  transient 
response  test  circuit  schematics  are  shown  in  Figures  12-6  and  12-7. 

The  peak  measurements  are  made  on  an  oscilloscope  with  a  wide  bandwidth 
pre-amp. 

Test  Results  and  Data 
79HG  and  79G  Test  Results 

The  79G  Adjustable  Negative  Voltage  Regulators  originally  failed  the 
output  voltage  tests  at  125°C  with  maximum  load  current.  Bench  testing 
of  these  units  revealed  that  the  device  shut  down  with  steady  state  case 
temperatures  above  60°C  and  with  pulsed  1.0  amp  load  currents  applied  to 
the  regulator.  The  date  code  for  these  devices  was  7639.  The  vendor  was 
contacted  concerning  this  problem.  Additional  units  were  supplied  with 
date  code  7916  for  characterization.  These  units  were  tested  on  both 
the  S3260/70  and  the  bench  and  no  anomalies  were  observed.  The  units 
met  all  of  the  tested  electrical  speci f ications  in  the  slash  sheet.  The 
measurement  data  is,  typically,  in  the  middle  of  the  specified  tolerance 
band  and  the  band  spread  appears  to  be  reasonable  for  several 
parameters.  However,  the  bandspread  for  some  parameters  -  notably  load 
and  line  regulation  -  is  much  greater  than  is  necessary  for  even  100% 
yield.  The  7 9f  1C  Adjustable  Negative  Voltage  Regulators  met  all  of  the 
tested  electrical  specifications  in  the  slash  sheet.  No  anomalies  were 
detected  during  the  test  of  these  devices.  Typical  data  sheets  for 
these  two  devices  are  presented  in  Tables  12-4  and  12-5. 

137H  and  LM137K  Test  Results 

Typical  data  sheets  for  the  LM137H  and  LflI37k  devices  are  shown  in 
Tables  12-6  and  12-7.  All  of  the  LM137K  devices  met  the  specifications 
on  the  slash  sheet.  All  of  the  LN137H  devices  failed  the  originally 
defined  load  regulation  requirement  for  Vin  =  6.25  volts  at  25°C. 
Discussions  with  the  vendor  resulted  in  a  change  to  the  specification  a) 
to  test  with  a  reduced  load  range,  (5  mA  <  IL  <  200  mA)  and  maintain  the 
same  limit  (+6  mV)  and  b)  to  test  to  the  same  limit  (5  mA  IL  500 
mA)  and  relax  the  limit  (+  12  mA). 

Tabulation  of  dynamic  test  data  taken  in  a  bench  test  set  up  for  the 
LM137H  Adjustable  Negative  Voltage  Regulators  is  shown  in  Table  12-8. 

The  tests  were  performed  at  25°C.  All  of  the  bench  measurements  made  on 
these  devices  were  stable  and  data  showed  reasonably  safe  margins  for 
the  recommended  tolerances.  Oscillographs  of  the  line  and  load 


transient  responses  are  shown  in  Figures  12-9  and  12-10.  Dynamic  test 
data  and  oscillographs  were  also  obtained  for  the  LM137K  Adjustable 
Negative  Voltage  Regulators.  Oscillographs  for  line  and  load  regulation 
for  these  devices  are  presented  in  Figures  12-11  and  12-12. 

12.3  Discussion  of  Results 

All  of  the  test  data  taken  on  the  79MG  voltage  regulators  was  within  the 
tolerances  recommended  by  the  manufacturer  and  the  JC-41  Committee.  The 
most  serious  problem  detected  with  the  79G  voltage  regulator  was  a 
failure  of  the  output  voltage  for  1.0  amp  load  currents  as  the  case 
temperature  is  increased  beyond  60°C.  This  problem  was  discussed  with 
the  vendor.  The  original  parts  received  from  a  distributor  had  date 
code  7639  and  were  not  typical  of  the  devices  currently  being 
manufactured.  Since  this  problem  presented  observations  similar  to 
those  observed  during  the  characterization  of  the  79xx  Fixed  Negative 
Voltage  Regulators,  some  of  the  7905  Fixed  Voltage  Regulators  were 
retested  in  the  same  test  circuit.  The  same  failure  mode  was  observed 
for  the  7905  and  the  79G  Negative  Voltage  Regulators.  Since  only  the 
devices  manufactured  with  the  most  recent  date  codes  are  to  be  certified 
in  accordance  with  the  slash  sheet,  certified  parts  will  not  exhibit  the 
problems  observed  with  the  older  devices. 

As  with  the  adjustable  positive  voltage  regulators,  line  and  load 
regulation  test  parameter  tolerances  were  excessively  conservative  in 
light  of  the  measured  data.  Again,  GEOS  was  unsuccessful  in  negotiating 
tighter  test  limits  for  these  parameters. 

Testing  of  the  LM137H  and  LM137K  voltage  regulators  was  performed  on  the 
same  test  adapter  used  for  the  79MG  and  79G  voltage.  Except  for  the 
load  regulation  test  described  in  12.4,  all  devices  met  the  original 
parameter  tolerances  specified  by  the  manufacturer  and  approved  by  the 
JC-41  Committee.  The  device  failure  was  shown  to  be  an  actual  device 
anomaly.  The  anomaly  was  not  detrimental  to  device  performance;  so, 
modifications  to  the  specification  were  considered  appropriate. 

12.6  Slash  Sheet  Development 

A  modified  Table  I  was  received  from  each  of  two  manufacturer  committee 
members  supplying  parts  for  the  characterization.  The  parameters  were 
modified  to  include  a)  a  voltage  recovery  measurement  after  the  output 
short  circuit  current,  b)  a  start-up  test  with  an  R-C  load  and  c) 
additional  and  modified  load  regulation  tests  for  the  LM137H.  In 
general,  the  parameters  and  test  circuits  are  the  same  as  those  required 
in  MIL-M-38510/1 15  to  test  fixed  negative  voltage  regulators. 

12.7  Conclusions  and  Recommendations 

The  test  circuits  used  in  these  characterizations  were  developed  for  use 
either  by  an  automatic  tester  or  in  a  bench  type  set-up.  Measurements 


were  taken  in  both  test  set-ups  and  excellent  tester  correlation  was 
observed.  The  test  circuits  were  easily  constructed;  however,  because 
of  the  high  currents  involved  at  the  input  and  output  of  the  DUT,  a 
difference  of  several  millivolts  can  be  observed  across  a  connector 
terminal.  Extreme  care  must  be  made  to  connect  the  voltmeter  sense 
leads  to  the  proper  points  in  the  test  circuit. 

When  the  above  procedures  were  properly  observed,  all  of  the  devices 
performed  well  in  their  individual  test  circuits.  The  regulation  tests 
have  very  conservative  tolerances  and  could  be  easily  reduced  from  their 
present  +  150  mV  limits.  These  limits  could  be  reduced  to  +  50  mV. 
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Figure  12-3.  Negative  voltage  regulator  test  circuit  for  static  tests. 


Notes : 


1.  Heavy  current  paths  (I  ^  l.OA)  are  indicated  by  bold  lines. 

2.  Kelvin  connections  aust  be  used  for  all  output  current  and  voltage 
measurements. 

3.  Op  amp  stabilisation  networks  may  vary  with  teat  adapter  construction. 
Alternate  drive  circuits  for  the  power  transistor  may  be  used  to  develop 
the  proper  load  current  and  input  voltage  pulses. 

4.  Relay  switch  positions  are  defined  in  the  appropriate  Table  III  of  the 
slash  sheet. 

5.  Load  currents  of  5  mA  are  established  via  the  load  resistors  Ri  and  R£. 
All  other  load  currents  shall  be  established  via  the  pulse  load  circuit. 

6.  The  pulse  generator  for  the  pulse  load  circuit  shall  have  the  following 
characteristics . 

a.  Pulse  amplitude  •  -10(1^  -  V0/(Ri  +  R2))  volts 

b.  Pulse  width  ■  l.OmS  (unless  otherwise  stated) 

c.  Duty  cycle  ■  27.  (maximum) 

7.  Load  circuits  shall  be  determined  by  the  voltage  measured  across  the 
1  ohm  resistor.  Measurements  shall  be  made  0.3  ms  after  the  start  of 
the  pulse. 

8.  vln  (LOW)  and  Vin  (HIGH)  per  the  appropriate  Table  fll  of  the  slash  sheet. 
9*  VRLINE  +  VB  "  VA- 

10.  The  output  voltage  is  samples  at  specified  intervals.  Stobe  pulse 
width  is  100  us  maximum. 

11.  Il  (minimum)  and  I]_  (maximum)  per  the  appropriate  Table  m  of  the 
slash  sheet. 

12 •  vRL0AD  *  VD  "  VC* 

13.  Vrth  ■  VD  -  Vg. 

14.  Force  voltage,  Vj  ■  -15  volts;  Relay  K4  is  energised. 

15.  Iqs  “  (II)  Amps. 
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16.  Ipk  -  (IL  +  V0/RL  +  V0/(Ri  +  R2)  Asps. 

17.  For  device  types  01  &  02,  t  ■  10.5  nsec. 
For  device  types  03  &  04,  t  +  20.5  msec. 
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LINE  REGULATION  WAVEFORMS 
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(SEE  NOTE?) 
INPUT 

.  .  .(SEE  NOTE  f) 

IMlow) - 


1.0  ms 
(MAX) 


LOAD  REGULATION  WAVEFORMS 


Figure  12-3.  Negative  voltage  regulator  test  circuit  for  static  tests  (cont  d) 
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Device  Table 


Device 

Type 

01 

79  M3 

02 

79  G 

03 

LM137H 

04 

LM137G 

V1N 

-to  V 

-10  V 

-6.25V 

- 

-6.25  V 

rL 

IOOju 

50  jx. 

25jv 

12.5JU 

R  shall  be  type  REK  70  or  equivalent. 
L 


lotes: 


1.  The  meter  for  measuring  e0rms  shall  have  a  minimum  bandwidth  from 
10  Hz  to  10  kHz  and  shall  measure  true  rms  voltages. 

2.  N0  =  eo  rms* 

3.  The  control  pin  connections  and  resistors  (Ri  and  R2)  are  required 
for  device  types  01  and  02  only. 


Figure  12-4.  Noise  test  circuit  for  negative  voltage  regulators. 
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Device  Table 


Device 

Type 

01 

79  MG 

02 

79  G 

03 

LM137H 

04 

LM137K 

VIN 

-10  V 

-10  V 

-6.25  V 

-6.25  V 

rl 

40.2-/L 

i4.3_n. 

10_»v 

The  input  50_/t  resistor  and  R^  shall  be  type 
RER  70  or  equivalent. 


Notes: 

1. 

2. 


®i  ■  1  Vrms  @  f  =  2400  Hz  ([measured  at  the  input  terminals  of  the  DDT) 
ripple  rejection  =  20  log  e^-rms 

gorms 

The  control  pin  connection  and  resistors  (R^  and  R2)  are  required 
for  device  types  01  and  02  only. 


Figure  12-5.  Ripple  rejection  test  circuit  for  negative  voltage  regulators. 
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Notes : 

1.  Measured  at  device  input. 

2.  Pulse  width  tpi  =  25  us;  duty  cycle  ■  3  X  (maximum) 

3.  Oscilloscope  bandwidth  =  5  MHz  to  15  MHz. 

4.  The  control  pin  connection  and  resistors  (R^  and  R2)  are  required 
for  device  types  01  and  02. 


Figure  12-6.  Line  transient  response  test  circuit  for  negative  voltage 
regulators. 
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Device  Table 


Device 

01 

02 

03 

04 

Type 

7  9MG 

7  9G 

LM137H 

LM137K 

Rl 

2 . 2  lKj, 

2 . 2 lKju 

249_j\_ 

249  jv 

r2 

2.74Kjv 

2.74Kjv 

0 

0 

II 

50mA 

100mA 

50mA 

100mA 

IL 

200mA 

400mA 

200mA 

400mA 

Vi 

0.49V 

0.99V 

0.45V 

0.95V 

Vi 

2.0V 

4.0V 

2.0V 

4.0V 

Figure  12-7.  Load  transient  response  test  circuit  for  negative  voltag< 
regulators. 
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Notes  • 

1.  Heavy  current  path  (I  2i  1.0A)  are  indicated  by  bold  lines. 

2.  Kelvin  connections  must  be  used  for  all  output  current  and  voltage 
measurements. 

3.  Op  amp  stabilization  networks  may  vary  with  test  adapter  construction. 
Alternate  drive  circuits  for  the  2N6296  may  be  used  to  develop  the 
proper  load  current  and  input  voltage  pulses. 

4.  The  pulse  generator  for  the  pulse  load  circuit  shall  have  the  following 
characteristics.  (see  device  table) 

a.  Voltage  level  (Vj)  =  10  (IL  -  Vo/(R^  +  R2)  volts 

b.  Pulse  width  (tp2)  =  25  u  sec 

c.  Duty  cycle  =  3%  (maximum) 

d .  =  u  sec  f°r  device  types  01  and  02 

e.  '-THL  =  CTLH  =  5.0  u  sec  for  device  types  03  and  04 

f.  Difference  voltage  level  (z2>  Vj)  =  10  (II)  volts 

5.  a.  4i>vout  =  500  mV  maximum  for  device  type  01 

b.  <^5Vout  =  1 000  mV  maximum  for  device  type  02 

c.  <£>Vout  =  60  mV  maximum  for  devices  type  03  and  04 

(These  values  guarantee  the  specified  limits  for  load  transient 
response.) 

6.  Oscilloscope  minimum  bandwidth  shall  be  9  MHz  to  15  MHz. 

Figure  12-7.  Load  transient  response  test  circuit  for  negative  voltage 
regulators  (cont'd). 
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LMl3?H  Line  Transient  Response 

V/cm  =  .020  Unit  #1 

Time /cm  =  5  us 


i 

Figure  12-8  Oscillograph  of  LM137H  Line  Transient  Response  Test 


LM137I1  Load  Transient  Response 

V/cm  -  .01 
Time/ cm  =  3  us 


Figure  12-9  Oscillograph  of  LM137H  Load  Transient  Response  Test 
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NOTE  II  UF.FOMING  UOITME  ON  OUTPUT  OF  0EU1CE 
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MOTE  *1  WF'FORCINO  uoltasc  on  output  op  device 


Characteristic  Symbol 


Output  Voltage  VquT 


ondition:  (Fig.  12  unless  otherwise 

stated) 


Input  Voltage  Load  Currenq  Other 

Vin=-8V  l_ 

VrN=-30V  I l= 5mA, 50mA 

Vtn=-10V  I[=5mA 


Limits 


Max. 


-5.25^-4.75 


Units 


V 


Line  regula-  VrlinE  -30V£Vin--8V  lLs50mA 
tion  -2 5ViViNf-8V  lL=350mA 


Load  regula-  VrloAD 
tion 


Thermal  regu-  Vrth. 
lation 


Sta 

ren 


Standby  cur- 
I  rent  drain 
, change  versus 
jline  voltage 


Standby  cur¬ 
rent  drain 
change  versus 
load  current 


IControl  pin 
icurrent 


AlSCD  Vin= 
(LOAD) 


IVin=-10V 


jOutput  voltage  VoUT  |ViN=-10V 
recovery  after  (RECOV) 
output  short  Vin=-30V 

circuit  cur¬ 
rent _ 

Voltage  Start-  VSTART  Vin=-20V 

_ 


(Output  short 
circuit  cur¬ 
rent 


aVin 


4V0UT 


Output  noise 
voltage 


Figure  12 
Waveforms 

RL=10A;CL 

After 

IOSl 

=20>if 

2/ 

RL=5kA 

After 

i 

1 

I0S2 

Rl=10a;Cl 


V 

IL= 

IS  ! 

Hz  ! 

-100 

-150 


-  50  I  50 


0.1  3.0 

0.1  4.0 


-0.510.5 


Line  trans-  aVouT 
ient  response  aVtm 


aVqut  Vin“- 
AIL 


lL=5mA 


Figure  15 
1Ta“25°C 


30  mV/V 


mV/mA 
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Table  12-9.  (Cont’d) 


NOTES:  1.  All  tests  performed  at  Ta=125°C  may,  at  the  manufacturer’s  option, 
be  performed  at  Ta*150°C.  Specifications  for  Ta“125°C  shall  then 
apply  at  Ta-150°C. 


2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of 
the  los  test  forced  output  voltage  condition.  Voltage 
recovery  for  conditions  other  than  those  specified  is  not 
guaranteed . 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 
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Table  12-10.  Electrical  performance  characteristics  for  device  type  02  (79G) 


See  3.4  unless  otherwise  specified 


Characteristic 


Condition:  (Fig.  12  unless  otherwise 

stated) 


Input  Voltage  I  Load  Current 
Output  Voltage  VouT  VlN“"8V 

Vin“-30V 
VIN=-10V 
V in“*38V  II  =!000mA 


Limits 


Other  Min.  Max.  Unit 


Line  regula-  VRLINE  -30V*Vin5-8V  I],=  100mA 

tlon _ -2  5V^V  IN -r8V  Ij,=  500mA 


Load  regula-  VRLOAD  Vin“-10V 
tlon  VIN=-30V 


Thermal  regu-  VRTH.  V in=-1 5V 
la tlon 


ICTL  ViN--10V 


Standby  cur-  ISCD  Vin=-10V 
rent  drain  Vin=-30V 


Standby  cur¬ 
rent  drain 
change  versus 
line  voltage 


Standby  cur-  AlSCD  Vln=-10V 
rent  drain  (LOAD) 

change  versus 
load  current 


Control  pin 
current 


Output  short 
circuit  cur¬ 
rent 


Output  voltage 
recovery  after 
output  short 
circuit  cur¬ 
rent 


Ripple  rejec-  4Vin 
tlon  AVOUT 


Output  noise  Vno  Vin=-10V 
voltage 


033 


Ij,=  1000mA 


I|,=5mA 

lL=5mA 


1 1, =  5mA 


AVOUT  |Vin*-10V  ti,«5mA 

VPULSE“-3.0V 


Load  trans-  | aVout 
lent  response 


I 


Table  12-10 


(Cont ’d) 


NOTES  : 


All  tests  performed  at  Ta“125°C  may,  at  the  manufacturer's  option, 
be  performed  at  Ta“150°C.  Specifications  for  Ta“125°C  shall  then 
apply  at  Ta=150°C. 

Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
lOS  test  forced  output  condition.  Voltage  recovery  for  conditions 
other  than  those  specified  is  not  guaranteed. 

Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 
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Table  12-11.  Electrical  performance  characteristics  for  device  type  03  (LM137H) 

(Cont'd)  (See  3.4  unless  otherwise  specified) 


Characteristic 

Symbol 

Condition:  (F 

st 

ig.  12  unless  otherwise 
ated) 

mi 

Output  noise 
voltage 

VNO 

Input  Voltage 

Load  Current 

Other 

Min . 

Max. 

Units 

Vin=-6.25V 

Ij^SOmA 

Figure  14 
TAa25°C 

BW= 10  Hz  to 
10kHz 

1 

120 

■ 

Line  trans¬ 
ient  response 

avout 

A  VIN 

am  m 

gOBSSnSHI 

II  =L0mA 

■ 

80 

> 

> 

e 

Load  trans¬ 
ient  response 

A  VOUT 
AlL 

_ 

Ijj=50mA 

AlL=200mA 

■ 

1 

mV/mA 

NOTES:  l.  All  tests  performed  at  TA=125°C  may,  at  the  manufacturer's  option, 

be  performed  at  T^“l50<>C. 


2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
Ios  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 

3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 


Table  12-12.  Electrical  performance  character ist ics  for  device  type  04  (LM137K) 
(See  3.4  unless  otherwise  specified) 


Characteristic 


Condition:  (Fig.  12  unless 

stated) 

otherwise 

Input  Voltage] 

!  Load  Current! 

Other 

Output  Voltage  VoUT  Vin=-4.25V 

Vin“-41.25V 

Vin=-6.25V 


Line  regula -  Vrline 
tion 


Load  regula-  VrloAD  Vin=-6.25V 
tion 


Vin=-41.25V 


Thermal  regu-  Vrtr^  Vxn  =  - 
lation 


lL=5mA 


Ta-25'C 

-55°C4Ta 

-125°C 

-  9 

-23 

Ta=25bC 

-55°CiTA 

-125°C 

1 

6 

2 

TA=25  C 
-55°C*1'a 


Adjust  pin 
current 


Adjust  pin 
current 
change  versus 
line  voltage 


Adjust  pin 
current 
change  versus 
load  current 


Minimum  load 
current 


IADJ  Vin=-4.25V 
Vin=-41.25V 


A^ADJ  Vxn=-6.25V 
(LOAD) 


-14.25V€Vin 
f-4.25V 
forced  Vo\JT 
*-1.4 


Vin=-41.25V 
forced  Vout 
=-1.4V 


Output  short  IqsI  Vxn*-4.25V 

circuit  cur-  I0S2  Vin=-40V 

rent 


Output  volt-  vout 

age  recovery  (RECOV) 

after  output 
short  circuit 
current 


Voltage  start-  VgTART  Vin=-4.25V 
up 


RL-.833a;CL 

After  I0S1 

si20^jF 

2/ 

R["2  50  Jl. 

After  Iqs2 

Figure  13 
TA“25°C 


Output  noise 

VnO 

voltage 

Figure  14 
Ta“25°C 
BW-IOHz  to 
10kHz 


Table..  12 -12,  Electrical  performance  characteristics  for  device  type  04  (LM137K) 
(Cont’d)  (See  3,4  unless  otherwise  specified) 


Characteristic 

I 

Condition:  (Fig.  12  unless  otherwise 
stated) 

Limits 

■  ■ 

Input  VoLtage 

rLoad  Current 

Other 

Min. 

Max. 

Units 

Line  trans¬ 
ient  response 

AVout 

Vin**6.25V 

AViN-1.0V 

lL*10mA 

Figure  15 
Ta*25°C 

■ 

40 

mV/V 

Load  trans¬ 
ient  response 

avout 

AIL 

Vin->6.25V 

.  _  - - 

lL“t00mA 

AlL“400mA 

_ 

Figure  16 
Ta=25<’C 

-  -  . - -  -  ■ - 

■ 

0.15 

mV/mA 

NOTES:  1.  All  tesCs  performed  at  Ta=1256C  may,  at  the  manufacturer's  option, 
be  performed  at  Ta=150°C.  Specifications  for  Ta=125°C  shall  then 
apply  at  Ta“150°C. 

2.  Output  voltage  recovery  test  shall  be  performed,  with  the 
designated  load  conditions,  immediately  after  removal  of  the 
I  OS  test  forced  output  voltage  condition.  Voltage  recovery 
for  conditions  other  than  those  specified  is  not  guaranteed. 


3.  Static  tests  with  load  currents  greater  than  5mA  are  performed 
under  pulsed  conditions  defined  in  Figure  12. 
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SECTION  XIII 


PRECISION  VOLTAGE  REFERENCES 
MIL-M-38510/124 


13.1  Introduction 

As  precision  and  accuracy  of  control  systems  increase,  the  need  for  a 
stable,  precise  voltage  reference  becomes  apparent. 

Precision  voltage  references  are  used  in  ratiometric  measurement  systems 
as  a  reference  against  which  all  signal  voltages  can  be  compared,  and  in 
high  accuracy  data  converter  circuits.  The  two  precision  voltage 
references  characterized  for  this  slash  sheet  are  the  LM129A  and  the 
LM199A.  These  devices  were  selected  by  RADC,  GEOS  and  members  of  the 
JC-41  Committee  for  characterization.  The  LM129A's  and  LM199A's  were 
tested  in  test  circuits  devised  to  check  each  parameter  at  all  of  the 
specified  temperatures. 

Table  13-1  lists  the  device  types  specified  for  this  characterization. 
Table  13-1.  Device  Types  Specified. 


Device 

Type 

Generic 

Type 

Manufacturer 

Output 

Voltage 

Heater 

Voltage 

No.  of 
Terminals 

12401 

LM199A 

NSC 

6.93V 

9V  <  Vu  <  40V 

4 

12402 

LM129A 

NSC 

6.95V 

N.A. 

2 

13.2  Description  of  Device  Types 

The  LM129A  and  LM199A  precision  voltage  references  each  incorporate 
precision  temperature  compensated  6.9  volt  zener  references.  The  design 
of  the  silicon  chips  uses  a  subsurface  zener  diode  reference  to  reduce 
noise  and  long  term  stability.  The  voltage  reference,  additionally, 
contains  circuitry  to  buffer  the  temperature  compensated  zener  diode 
from  current  variations  that  accompany  load  current  changes.  The 
circuit  for  the  LM199A  precision  voltage  reference  is  shown  in  Figure 
13-1. 

The  precision  reference  circuit  in  this  figure  is  comprised  of  two 
circuits  on  a  single  monolithic  silicon  chip.  One  circuit  is  a 
temperature  stabilizer.  The  other  circuit  is  the  voltage  reference. 

The  voltage  reference  consists  of  a  reference  diode,  D3,  a  current  shunt 
circuit,  Q10-Q13  and  a  current  mirror,  Q14-Q16.  The  reference  diode  is 
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Figure  13-1.  Schematic  of  LM199A  voltage  reference. 

temperature  compensated  by  adjusting  the  diode  current  for  O-T.C.  This 
is  accomplished  by  adjusting  the  10  Kohm  resistor  in  the  base  of 
transistor  Q13.  Transistor  Q13  serves  to  buffer  any  reference  circuit 
current  variations  from  the  reference  diode.  By  adjusting  the  30  Kohm 
resistor  in  the  collector  of  Q12,  the  increase  in  shunt  current  can  be 
made  approximately  equal  to  the  decrease  in  current  supplied  to  the 
load.  The  only  current  change  to  the  reference  diode  is  due  to  the 
small  change  in  transistor  Q13  base  current.  Transistors  Q14-Q16  form  a 
current  mirror  and  serve  as  a  constant  current,  active  load  for 
transistor  Q13.  Because  the  reference  diode  is  temperature  compensated 
and  because  the  current  shunt  handles  the  main  variations  in  current, 
the  reference  circuit  maintains  a  stable  output  for  large  variations  of 
both  temperature  and  current.  This  stability  is  observed  in  both  the 
LM129A  and  LM199A  precision  references. 

The  LM199A  differs  from  the  LM129A  in  that  it  also  contains  a 
temperature  stabilizer  circuit.  The  temperature  stabilizer  circuit 
operates  from  a  separate  supply  voltage  that  may  range  from  9V  to  40  V. 
The  circuit  draws  current  from  this  supply  so  as  to  maintain  a  constant 
chip  temperature  of  approximately  85°C.  As  the  chip  ambient  temperature 
decreases,  the  stabilizer  draws  more  current  from  the  supply  and 
increases  the  power  dissipation  on  the  chip.  Thus,  the  chip  temperature 
tends  to  remain  constant.  For  temperatures  above  85°C,  the  temperature 
stabilizer  is  no  longer  effective  and  the  LM199A  precision  reference 
performance  is  essentially  degraded  to  that  of  the  LM129A. 
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13.3  Test  Development 


The  devices  used  in  these  characterizations  were  selected  and  approved 
by  a  joint  decision  of  RADC,  the  JC-41  Committee  and  the  Circuit  Design 
Engineering  activity  of  GEOS.  The  devices  were  obtained  from  National 
Semiconductor  Corporation  and  from  their  distributors.  Table  13.2  lists 
the  device  types  characterized. 

Table  13-2.  Device  Types  Characterized. 


Device 

S/'N 

Manufacturer 

Date 

Type 

Code 

1 240 1 

1-21 

NSC 

7641,  7803 

12402 

1-23 

NAC 

7826,  7839 

Test  Parameter  Development 


Test  parameters  were  recommended  by  the  manufacturer  and  were  approved 
by  the  JC-41  Committee.  In  addition,  extra  tests  were  added  by  GEOS  to 
extend  the  characterization  study  beyond  the  recommended  tests  in  Table 
I  of  the  device  slash  sheet.  Except  for  certain  dynamic  test 
parameters,  tests  were  performed  at  -55°C,  25°C  and  125°C,  and 
additionally  at  85°C  for  device  type  12401.  Noise,  dynamic  impedance 
and  warm-up  were  performed  at  one  current  level  at  25°C.  A  list  of  the 
electrical  parameters  tested  during  characterization  is  presented  in 
Table  13-3. 


Table  13-3. 

Test  Parameters  for  Characterization. 

Item 

No 

i  Symbol 

• 

Parameter 

1 

Vr 

Reference  voltage 

2 

delta  Vr 
(current) 

Reference  voltage  change  with  current 

3 

delta  Vp/delta  T 

Reference  voltage  temperature  coefficient 

4 

ZD 

Dynamic  impedance 

5 

N0 

Output  noise 

6 

deita  Vr 

Reference  voltage  temperature 

(temp  cycle) 

cycling  hysteresis 

7 

delta  VR/delta  t 

Reference  voltage  long  term  stability 

8 

is 

Temperature  stabilizer  supply  current 

9 

XSI 

Initial  temperature  stabilizer 
supply  current 
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Test  Circuit  Development 


All  evaluation  and  characterization  of  the  precision  voltage  reference 
was  performed  in  bench  test  set-ups,  and  d.c.  measurements  were  made  on 
an  HP3455  voltmeter  using  Kelvin  connections  to  the  DUT  pins. 

Figure  13-2  shows  the  test  circuit  used  to  measure  breakdown  voltage. 

The  breakdown  voltage  measurements  on  the  LM129A  devices  were  made  at 
current  levels  of  0.6  mA,  1.0  mA  and  15  mA.  For  the  LM199a,  these 
measurements  were  made  at  current  levels  of  0.5  mA,  1.8  mA,  5  mA,  10.0 
mA  and  11.3  mA  with  the  temperature  stabilizer  supply  voltages  set  at  30 
volts.  Additional  measurements  were  made  with  the  temperature 
stabilizer  supply  voltages  set  at  9  volts  and  40  volts. 

The  noise  test  circuit  is  also  shown  in  Figure  13-2.  Measurements  were 
made  on  a  Tektronix  model  7904  oscilloscope  with  a  model  7A22 
differential  input  preamplifier.  The  bandwidth  on  the  preamp  was 
adjusted  for  10  Hz  <  BW  <  10  kHz  and  peak-to-peak  measurements  were  made 
on  the  oscilloscope. 

The  dynamic  impedance  test  circuit  is  shown  in  Figure  13-3. 

Measurements  were  made  u.;ing  a  400  Hz  signal  source  and  a  voltmeter  with 
a  400  Hz  narrow  band  filter.  A<"  signal  levels  were  low  in  order  to 
insure  small  signal  impedance  measurements.  Kelvin  connections  were 
used  and  contact  was  made  1/8"  below  the  reference  case. 

The  initial  temperature  stabiliser  supply  current  was  measured  using  a 
Tektronix  model  storage  oscilloscope  with  a  current  probe.  The  peak 
current  was  recorded  from  the  oscilloscope. 

13.4  Test  Results  and  Data 

A  summary  of  the  test  data  is  presented  in  Tables  13-4  through  13-6. 

The  summary  presents  the  higher  measured  value,  tfie  lowest  measured 
value,  the  calculated  mean  value  and  the  standard  deviation  for  each 
parameter  and  set  of  test  conditions.  Several  measurements  were  made 
with  test  conditions  that  are  not  defined  in  the  slash  sheet.  For 
example,  data  was  obtained  on  the  LM199A  devices  at  five  different 
currents,  three  different  temperature  stabilizer  voltages  and  four 
different  temperatures  in  order  to  characterize  the  reference  voltage 
output,  the  temperature  coefficient  and  the  temperature  stabilizer.  In 
addition,  dynamic  impedance  and  output  noise  were  measured  at  25°C. 

Some ■ of  this  data  was  strictly  for  characterization  and  provides  data  on 
conditions  not  specified  by  the  vendor  or  recommended  for  the  device 
slash  sheet. 

Table  13-4  tabulates  the  analyzed,  measured  data  taken  on  the  LM129A. 
Measurements  were  made  on  the  devices  with  supply  currents  of  .6  mA,  1.0 
mA  and  15  mA.  The  reference  voltage  measurements  were  all  well  within 
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the  manufacturer's  specified  limits  and  a  population  hystogram  of  these 
voltages  is  shown  in  Figure  13-4. 

Data  for  the  evaluation  of  the  temperature  coefficient  was  obtained  by 
measuring  the  output  voltage  at  the  various  specified  temperatures  and 
calculating  the  measurement  difference  in  PPM/°C.  For  this 
characterization  effort  similar  data  was  obtained  for  device  currents 
of  .5  mA  and  15  mA,  and  data  was  used  in  the  analysis  of  temperature 
coefficient  change  with  current. 

Noise  measurements  were  made  of  the  peak-to-peak  value  of  the  noise. 

The  mean  value  of  these  measurements  was  69.8  uV.  Since  broad-band 
white  noise  (RMS  value)  =  (peak-to-peak  value)/6,  the  mean  RMS  value  is 
11.6  uVrms.  Dynamic  impedance  measurements  were  made  and  the  mean  value 
of  these  measurements  is  .74  ohms. 

Tables  13-5  and  13-6  summarize  the  analysis  of  the  measured  data  for  the 
LM199A.  LM199A  data  for  various  reference  voltage  currents  was  taken 
with  the  thermal  stabilizer  supply  voltage  set  to  30  volts.  The 
reference  voltage  current  values  varied  from  .5  mA  to  11.3  mA.  A 
population  hystogram  of  the  reference  voltage  output  is  presented  in 
Figure  13-6.  The  data  was  within  the  specified  limits.  Output 
reference  voltage  measurements  were  made  with  Ig  =  1 1 . 3  mA  and  with  Vg 
=  9  V  and  40  V.  For  these  two  conditions,  the  output  reference  voltage 
is  6.96457  Vdc  and  6.96488  Vdc.  With  Ir  =  1.8  mA  and  with  Vg  =  9  V  and 
40  V,  the  two  output  voltage  measurements  are  6.95897  Vdc  and  6.95949 
Vdc.  Since  the  thermal  stabilizer  temperature  does  not  regulate  to  the 
maximum  temperature  of  125°C,  two  temperature  coefficient  specifications 
are  required.  One  T.C.  tolerance  of  .5PPM/°C  covers  the  temperature 
range  from  -55°C  to  85°C.  The  other  tolerance  of  10  PPM/°C  covers  the 
temperature  range  from  85°C  to  125°C. 

Table  13-5  tabulates  the  results  of  the  analyzed  data  for  dynamic 
impedance,  noise  and  T.C.  changes  with  current.  Noise  measurements  were 
made  of  the  peak-to-peak  value  of  the  noise.  The  mean  value  of  these 
measurements  was  73.5  uV  p-p.  Since  broad-band  white  noise  (RMS  value) 

=  (peak-to-peak  value)  / 6,  the  mean  RMS  value  is  12.25  uVrms. 

Table  13-5  also  tabulates  the  analysis  of  measured  data  for  LM199A 
Reference  Voltage  Warm-up  Stability  and  Reference  Voltage  Temperature 
Cycling  Hysteresis.  Data  was  also  taken  to  determine  the  power 
dissipation  of  the  thermal  stabilizer  versus  temperature.  The  results 
of  this  data  is  tabulated  in  Table  13-6  and  is  graphed  on  Figure  13-5. 

13.5  Discussion  of  Results 

LMI29A 

A  summary  of  the  measured  and  calculated  data  is  presented  in  Table 
13-4.  Reference  voltage  measurements  were  made  on  twenty-one  devices. 
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The  devices  all  had  output  voltage  measurement  that  were  slightly  below 
the  normal  of  6.95  +  .25  volts.  The  mean  value  for  Ig  =  1  mA  was  6.8724 
with  a  standard  deviation  of  .02  volts. 

The  temperature  coefficient  for  these  devices  is  determined  by  measuring 
the  output  reference  voltage  at  -55°C,  25°C  &  125°C.  The  mean 
temperature  coefficient  for  these  devices  is  -0.3  PPM/°C  with  a  standard 
deviation  of  3.1  PPM/°C  for  a  temperature  range  from  -55°C  to  25°C.  The 
mean  temperature  coefficient  over  the  temperature  range  from  25°C  to 
125°C  was  +  3.8  PPM/°C  with  a  standard  deviation  of  2.8  PPM/°C.  These 
values  are  well  within  the  specification  of  +  10  PPH/°C. 

Analysis  of  the  calculated  temperature  coefficient  versus  current  shows 
that  the  T.C.  change  with  current,  over  the  temperature  range  from 
-55°C  to  25°C,  has  a  mean  value  of  0.8  PPM/°C  with  a  standard  deviation 
of  0.8  PPM/°C.  Over  the  temperature  range  from  25°C  to  125°C,  the  mean 
value  of  the  T.C.  change  with  current  is  -1.9  PPM/°C  with  a  mean  value 
of  1.3  PPM/°C.  This  value  is  greater  than  the  vendor's  typical 
specification  of  1  PPH/°C,  however,  the  parts  received  by  GEOS  for 
characteri2ation  were  not  screened  for  this  parameter. 

LM199A 


A  summary  of  the  measured  and  calculated  data  is  presented  in  Table  13-5 
and  1 3—6  for  the  reference  voltage  and  the  temperature  stabilizer, 
respectively.  Reference  voltage  measurements  were  made  on  thirteen 
devices.  The  output  voltage  was  measured  at  several  currents  from  0.5  mA 
to  11.3  mA.  The  mean  value  of  the  output  voltage  with  a  current  of  Ig= 
1.0  mA  was  interpolated  from  measured  values.  The  mean  value  is 
6.95863  volts. 

The  mean  temperature  coefficient  for  Ig  =  1  mA  was  determined  for 
temperature  ranges  from  -55°C  to  25°C,  25°C  to  85°C  and  85°C  to  125°C. 
The  mean  value  was  obtained  by  interpolating  measured  data  from  Ig  =  0.5 
mA  to  Ig  =  1.8  mA,  and  for  the  above  temperature  ranges,  the  mean  values 
were  -  .075  PPM/°C,  -  .18  PPM/°C  &  -  .82  PPM/°C,  respectively.  Data 
presented  in  Table  13-5  shows  that  the  T.C.  range  increases  as  current 
through  the  reference  voltage  circuit  increases.  For  currents  of  5  mA 
and  larger,  the  standard  deviation  of  the  temperature  coefficients  is 
larger  than  the  1  mA  limit  for  a  temperature  range  from  25°C  to  85°C. 

Peak  to  peak  noise,  dynamic  impedance  and  temperature  cycling  hysteresis 
measurements  were  made.  The  measurements  were  all  within  the  specified 
limits.  Reference  voltage  warm-up  stability  measurements  were  made  at  t 
=  10  sec,  t  -  1  min  &  t  =  5  min.  The  measured  data  indicated  that  the 
LM199A  reference  voltage  device  requires  several  minutes  for  warm-up. 
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Data  taken  to  determine  temperature  stabilizer  power  dissipation  was 
tabulated  in  Table  13-6  and  plotted  in  Figure  13-5.  The  graph  shows  the 
linearity  of  the  change  in  power  dissipation  versus  temperature  for  zero 
current  in  the  reference  voltage  circuit.  From  this  information  the 
average  thermal  resistance  is  calculated  as 

6  -  (538.7  -  78.0)/ (85  +  55)  *  3.29  mW/°C 

The  vendor  was  contacted  on  this  matter  and  confirmed  that  the  figure 
should  be  2  -  5  mV/°C.  The  vendor  recommends  that  the  thermal 
resistance  should  be  nominally  specified  at  5  mV/°C.  The  total  device 
power  dissipation  is  the  sum  of  the  thermal  stabilizer  circuit  power  and 
the  reference  voltage  circuit  power.  (PT  =  PTS  +  PR).  The  graph,  in 
Figure  13-5,  shows  how  the  thermal  stabilizer  power  dissipation  is 
affected  by  the  added  power  dissipation  of  the  voltage  reference. 

13-6.  Slash  Sheet  Development 

Table  1  of  the  slash  sheet  was  developed  from  the  manufacturer's  data 
sheet.  Additional  test  parameters  were  proposed  for  characterization 
and  were  added  to  the  table.  These  test  parameters  were  then  negotiated 
with  the  manufacturer  and  the  resultant  table  is  shown  in  Table  13-7. 
Because  some  of  the  tests  proposed  for  characterization  are  expensive 
to  perform,  they  have  been  left  off  the  slash  sheet.  The  slash  sheet 
was  finalized  and  submitted  to  RADC  6  DESC.  Additional  negotiations 
between  the  vendor  and  RADC  resulted  at  the  time  of  the  initial  release 
of  the  slash  sheet.  At  the  time  of  this  writing  the  results  of  these 
negotiations  were  being  included  in  the  slash  sheet. 

13.7  Conclusions  and  Recommendations. 

The  data  obtained  for  these  analyses  showed  that  the  reference  voltage 
devices  met  the  specifications  published  by  the  manufacturer.  Other 
parameters,  not  one  hundred  percent  guaranteed  by  the  manufacturer  but 
recommended  by  the  JC-41  Committee,  were  measured  and  the  data  was 
analyzed.  Data  taken  on  the  temperature  coefficient  change  with  current 
showed  that  some  devices  had  values  much  greater  than  the  published 
typical  value.  The  manufacturer  states  that  this  parameter  can  be 
guaranteed  but  the  additional  tests  will  add  extra  cost  to  the  parts. 

It  was  decided  not  to  recommend  specification  of  the  parameter. 

Additional  tests,  such  as,  power  off/on  repeatibility,  warm-up 
stability,  and  temperature  cycling  hysteresis  have  been  checked.  These 
parameters  require  extreme  care  in  order  to  obtain  reliable  test  data. 
The  power  off/on  data  was  obtained  as  a  consequence  of  the  warm-up  test 
data  at  time  =  5  min.  These  data  are  shown  in  Table  13-5.  GEOS  does  not 
recommend  that  the  power  off /on  and  warm-up  test  be  a  part  of  the  slash 
sheet.  No  major  anomalies  were  uncovered  during  this  characterization. 

A  minor  anomaly  was  observed  in  the  measurement  of  temperature 
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coefficient  change  with  current.  As  the  voltage  reference  current  and 
temperature  were  increased  simultaneously  to  their  maximum,  the  T.C. 
change  increased  until  it  was  2-3  times  the  value  at  low  current  and 
temperature. 

Table  13-7  lists  the  recommended  parameters  for  these  devices. 
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Figure  13-2.  Reference  voltage  and  noise  test  circuit. 
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Figure  13-3.  Dynamic  impedance  test  circuit. 
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Table  13-4.  Summary  of  Measurements  (LM129A) 


Limits 

Data  (21  Units) 

Parameter 

Conditions 

Min 

Max 

Hi  Low 

Mean 

Std.  Dev 

Reference 

Ir 

*  0.6  mA 

6.70 

7.20 

6.8922  6.8360 

6.82718 

.02 

Voltage 

Ir 

“  1.0  mA 

6.8927  6.8360 

6.8724 

.02 

250 

(volts) 

Ir 

■  15  mA 

6.9036  6.8455 

6.8852 

.02 

Temperature 

Ir 

“  0.6  mA 

-10 

10 

4.2  -6.1 

-0.5 

3.0 

coefficient 

Ir 

=  1.0  mA 

-10 

10 

4.2  -6.8 

-0.3 

3.1 

-55°C  <  TA 
<  25°C 
(PPM/°C) 

Ir 

=  15  mA 

-10 

10 

2.3  -7.3 

-1.8 

2.8 

Temperature 

!r 

=  0.6  mA 

-10 

10 

8.0  -7.7 

3.8 

3.6 

coefficient 

Ir 

=  1.0  mA 

-10 

10 

7.2  -2.5 

3.8 

2.8 

25°C  <  TA 
<  125°C 
(PPM/°C) 

Ir 

=  15  mA 

-10 

10 

8.4  -1.2 

4.5 

2.7 

Change  In 
temperature 
coefficient 
with  current 

1 

mA  <  IR  < 

15  mA 

-55°C  <  Ta 
<  25°C 

2.1  -1.2 

0.8 

0.8 

25°C  <  TA 
<  125°C 
(PPM/°C) 

-0.6  -5.2 

-1.9 

1.3 

Peak-to-peak 

Ir 

=  1  mA 

— 

20uV 

69.8 

4.9 

noise  (uV) 

(RMS) 

Dynamic 

Impedance 

Ir 

=  1  mA 

- 

1 

.74 

.24 

( ohms ) 
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Table 

13-5. 

Summa ry 

of  Reference  Voltage 

Measurements  (LM199A) 

Limits 

Data  (13  Units) 

Parameters 

Conditions 

Min  Max 

High 

Low 

Mean  Std 

.  D< 

Reference 

lR 

m 

.5  mA 

6.800  7.100 

voltage 

VS 

m 

30  V 

6.9899 

6.9025 

6.9582 

.03 

25°C 

Ir 

« 

1 .8  mA 

^volta) 

vs 

a 

30  V 

6.99376 

6.84427 

6.95932 

.03 

Ir 

« 

5  mA 

VS 

S3 

30  V 

6.9929 

6.9055 

6.9613 

.03 

IR 

or 

10  mA 

VS 

= 

30  V 

6.9955 

6.9085 

6.9640 

.03 

lR 

cs 

11.3  mA 

VS 

3= 

30  V 

6.99934 

6.85108 

6.96484 

.03 

lR 

1 . 8  mA 

vs 

s 

9V 

6.99343 

6.84392 

6.95897 

.03 

Ir 

=J 

11.3  mA 

vs 

83 

9V 

6.99912 

6.85086 

6.9645 7 

.03 

Ir 

85 

1.8  mA 

vs 

35 

40  V 

6.99383 

6.84433 

6.95949 

.03 

lR 

35 

1 1 . 3  mA 

vs 

* 

40  V 

6.99938 

6.85109 

6.96488 

.03 

Temperature 

XR 

S 

.  5  mA 

-.5  .5 

coefficient 

vS 

s 

30  V 

0.0 

-.54 

-.31 

.17 

-55°C  <  Ta 

lR 

= 

1.8  mA 

<  25°C 

vs 

30  V 

.72 

0.0 

.30 

.20 

Tppm/°c) 

lR 

5  mA 

vs 

c: 

30  V 

.54 

-.54 

.03 

.25 

lR 

SS 

10  mA 

vs 

* 

30  V 

.72 

-.18 

.36 

.23 

lR 

- 

11.3  mA 

vs 

= 

30  V 

1.6 

-.36 

.70 

.40 

Ir 

=5 

1 . 8  mA 

vS 

as 

9V 

1.6 

.72 

1.2 

.30 

!r 

as 

1 1 . 3  mA 

vs 

85 

9V 

1.8 

.54 

1.5 

.30 

Ir 

33 

1 .8  mA 

vs 

as 

40  V 

.59 

-.18 

.23 

.20 

Ir 

=2 

1 l .3  mA 

vs 

= 

40  V 

1.1 

.18 

.60 

.30 
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Table  13-5.  Summary  of  Reference  Voltage  Measurements  (LM199A)  (Cont'd) 


Limits 

Data 

(13  Units) 

Parameters 

Conditions 

Min  Max 

High 

Low 

Mean 

Std.  Dev 

Temperature 

XR 

■■ 

.5  mA 

-.5  .5 

coefficient 

Vs 

m 

30  V 

.24 

-.95 

-.50 

.34 

25°C  <  Ta 

Ir 

m 

1.8  mA 

<  85°C 

VS 

m 

30  V 

.70 

0.0 

.32 

.30 

(PPM/°C) 

XR 

m 

3  mA 

Vs 

m 

30  V 

1.9 

-.72 

.28 

.80 

Ir 

m 

10  mA 

Vs 

m 

30  V 

1.9 

-1.2 

.91 

.90 

Ir 

m 

11.3  mA 

vs 

m 

30  V 

3.3 

-.70 

2.2 

1.4 

Ir 

m 

1 .8  mA 

vs 

m 

9  V 

1.4 

.50 

1.1 

.30 

Ir 

m 

11.3  mA 

vs 

m 

9  V 

3.4 

.50 

2.3 

1.0 

Ir 

m 

1.8  mA 

vs 

m 

40  V 

.70 

.20 

.30 

.30 

Ir 

m 

11.3  mA 

vS 

m 

40  V 

3.8 

-1.2 

2.0 

1.6 

Temperature 

XR 

m 

.5  mA 

-10  10 

coefficient 

VS 

m 

30  V 

7.5 

-9.4 

-1.7 

5.0 

85°C  <  Ta 

Ir 

m 

1.8  mA 

<  125*C 

vs 

m 

30  V 

9.3 

-11.3 

.60 

6.6 

Tppm/°c) 

Ir 

m 

5  mA 

vS 

m 

30  V 

9.7 

-8.7 

3.0 

5.5 

Ir 

m 

10  mA 

Vs 

m 

30  V 

10.0 

-10.5 

2.8 

6.4 

Ir 

m 

11.3  mA 

vs 

m 

30  V 

7.3 

-7.6 

.05 

4.1 

Ir 

m 

1.8  mA 

vs 

m 

9  V 

10.0 

-9.4 

2.4 

5.6 

Ir 

m 

11.3  mA 

-10  10 

vs 

m 

9  V 

11.4 

-13.7 

.90 

7.2 

Ir 

m 

1.8  mA 

vs 

m 

40  V 

7.9 

-9.8 

1.4 

5.3 

Ir 

m 

11.3  mA 

vs 

m 

40  V 

13.9 

-12.3 

-.30 

7.3 
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Table  13-5,  Summary  <>t  Ki'l  erera  Voltage  Measurement  h  (I.MI99A)  (Concluded) 

l.lwlts  Data  (11  Units) 


Parameters 

(kind i  t  Ions 

Min 

Max 

High 

l,ow 

Mean 

Std.  !)< 

Change  In 

l.HmA  <  1« 

tempo  ratuve 

<11.3 

mA 

cool l  to  lent 
with  ear  re  at 

Vs  *  30V 

-VS«C  s  Ta  < 

25"0 

- 

- 

1.1 

-1.1 

.30 

.50 

25«C  <  ta  < 

85°C 

- 

- 

3.6 

-.70 

2.0 

1.3 

SS°C  \  Ta  < 
(PPM/°C) 

1  25°C 

8.6 

-4.5 

-1.7 

3.4 

Peak  to  peak 

1K  =  1  MA 

20  uV 

80 

50 

73.5 

6.9 

Noise 

(uV) 

VS  -  30  V 

(RMS) 

Dynamic 

Ijj  ”  1  mA 

- 

1 

8.3 

.30 

.66 

.12 

impedance 
( ohms) 

Vs  =  30  V 

Ref  e  reiice 

1 R  =  1  mA 

voltage 
w a rm-up 
stability 
t  =  10  sec 

Vs  =  30  V 

15.2 

-5.6 

7.05 

5.4 

t  =  1  min 

- 

- 

5.07 

-9.74 

.35 

3.8 

t  =  5  min 
(PPM) 

1.3 

-9.74 

-2.4 

2.8 

Temperature 

IR  =  1  mA 

cycling 
hysteresis 
+  Ta  cycle 

Vs  =  30  V 

-10 

10 

2.03 

-2.4 

-.57 

1.29 

-  Ta  cycle 

-10 

10 

1.3 

-9.74 

-2.4 

2.8 

(PPM) 


XIII- 16 


I 


t 


Table  13-6 


Summary  of  Temperature  Stabilizer  Measurements  (LM199A) 


Limits  Data  (13  Units) 


Parameters 

Conditions 

Min 

Max 

High 

Low 

Mean 

Std.  Dev 

Temperature 

Ir  * 

0  mA 

stabilizer 

vs  • 

30  V 

- 

- 

579.3 

512.4 

538.7 

21.1 

power 

IR  * 

1.8  mA 

dissipation 

vs  = 

30  V 

- 

- 

567.0 

491.7 

522.0 

22.3 

TA  -  -55°C 

Ir  " 

11.3  mA 

(mW) 

vs  • 

30  V 

- 

- 

501.9 

425.7 

458.4 

24.4 

Ir  ■ 

1.8  mA 

Vg  • 

9  V 

- 

- 

569.7 

476.1 

521.6 

27.1 

Ir  * 

11.3  mA 

Vg  * 

9  V 

- 

- 

504.0 

421.2 

457.6 

24.5 

Ir  * 

1.8  mA 

Vs  ■ 

40  V 

- 

- 

566.4 

486.0 

521.6 

23.9 

Ir  * 

11.3  mA 

Vg  . 

40  V 

— 

— 

503.2 

411.6 

457.0 

25.6 

Temperature 

Ir  * 

0  mA 

stabilizer 

vs  . 

30  V 

- 

- 

252.6 

213.3 

229.4 

13.0 

power 

Ir  * 

1.8  mA 

dissipation 

vs  1 

30  V 

- 

- 

240.9 

192.0 

213.6 

14.8 

Ta  -  25°C 

Ir  ■ 

11.3  mA 

(mW) 

vs  • 

30  V 

- 

- 

174.6 

146.8 

121.8 

14.9 

Ir  * 

1.8  mA 

vs  * 

9  V 

- 

- 

243.0 

190.8 

214.6 

15.2 

!r  * 

11.3  mA 

VS  * 

9  V 

- 

- 

179.8 

124.6 

150.4 

15.7 

Ir  * 

1.8  mA 

vs  * 

40  V 

- 

- 

239.6 

189.2 

212.3 

15.0 

Ir  ■ 

11.3  mA 

vs 

40  V 

- 

- 

173.6 

120.4 

145.8 

15.0 
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Table  13-6. 


Summary  of  Temperature  Stabilizer  Measurements  (LM199A).  (Cont'd) 


Limits 

Data 

(13  Units) 

Parameters 

Conditions 

Min  Max 

High 

Low 

Mean 

Std.  Dev. 

Temperature 

XR 

= 

0  mA 

stabilizer 

vs 

= 

30  V 

- 

78.0 

28.5 

52.8 

18.1 

power 

IR 

= 

1 .8  mA 

dissipation 

vs 

= 

30  V 

- 

65.7 

20.7 

41.3 

18.0 

Ta  =  85°C 

XR 

11.3  mA 

(mW) 

vS 

= 

30  V 

- 

42.9 

23.4 

32.8 

6.2 

Ir 

= 

1.8  mA 

Vs 

= 

9  V 

- 

67.2 

14.4 

41.6 

19.1 

Ir 

= 

11.3  mA 

vS 

= 

9  V 

- 

12.1 

6.9 

9.0 

1.9 

IR 

= 

1.8  mA 

vs 

=* 

40  V 

- 

64.8 

28.0 

43.8 

14.7 

XR 

= 

11.3  mA 

Vc 

** 

40  V 

-  - 

61.6 

34.8 

45.5 

8.5 

Temperature 

XR 

= 

0  mA 

stabilizer 

vS 

= 

30  V 

- 

25.5 

20.2 

22.7 

1.7 

power 

XR 

St 

1 .8  mA 

dissipation 

vs 

s 

30  V 

- 

25.2 

20.0 

22.5 

1.7 

Ta  -  125°C 

XR 

s 

II. 3  mA 

(mW) 

vs 

s 

30  V 

- 

51.1 

32.3 

41.7 

6. 1 

XR 

s 

1.8  mA 

vS 

s 

9  V 

- 

7.2 

5.5 

6.4 

0.6 

XR 

s 

1 1 . 3  mA 

vS 

m 

9  V 

- 

14.2 

8.8 

11.5 

1.8 

XR 

ac 

1.8  mA 

vs 

31 

40  V 

- 

33.9 

26.9 

30.5 

2.2 

XR 

» 

11.3  mA 

vS 

m 

40  V 

-  - 

70.9 

44.3 

57.7 

8.4 

Initial 

Ir 

m 

0  mA 

heater 

vS 

- 

40  V 

200 

120 

95 

108.5 

9.0 

current 

(mA) 
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Table  13-7.  M1L-M-38 510/1 21 

performance  characteristics  for 


Characteristics 

Symbol 

Conditions 

Reference 

Vr 

0.5mA  <  Ir  <  10mA 

voltage 

Vs  *  30  V 

0.6mA  <  Ir  <  15mA 

Reference 

*Vr 

0.5mA  <  Ir  <  10mA 

voltage  change 

(current) 

Vs  =  30V 

with  current 

0.6mA  <  Ir  <  15mA 

Reference 

voltage 

temperature 

coefficient 

4Vr>&T 

Ir=1 .0mA 

Vs  =  30V 

Ir= 1.0mA 

Dynamic 

impedance 

ZD 

Ir=1 mA 

e^*. 3V ; f=400HZ 

Noise 

No 

lR=lmA 

BW=10Hz  to  10kHz 
lR=lmA 

BW=0. 1Hz  to  10Hz 

Temperature 

stabilizer 

supply 

current 

is 

9V  _<  VS  <  40V 

lR=0mA 

Initial 

temperature 

stabilizer 

XSI 

9V  £  Vs  <  40V 
lR“0mA 

supply 

current 
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TABLE  1  Electrical 
device  types  01  &  02 

Device  Limits 


Type 

Min 

Max 

Units 

Ta=25°C 

01 

6.800 

7 .  1 00 

V 

Ta=25°C 

02 

6.70 

7.20 

Ta=25°C 

01 

-9 

9 

mV 

-55°C  <  Ta 
<  125°C 

01 

-12 

12 

Ta=25°C 

02 

-14 

14 

-55°C  <  Ta 
<  1 25°C 

02 

-18 

18 

-55°C  <  Ta 

01 

-.5 

.5 

PPM 

<  85°C 

°C 

85°C  <  Ta 
<  1 25°C 

01 

-10 

10 

-55°C  <  Ta 
<  1 25°C 

02 

-10 

10 

VS=30V; 

Ta=25°C 

01 

0 

1 

ohms 

Ta=25°C 

02 

0 

1 

VS=30V; 

01 

0 

20  lA'rms 

Ta=25°C 

Ta=25°C 

02 

0 

20 

VS=30V; 

Ta=25°C 

01 

0 

7 

Vp-P 

Ta=25°C 

02 

0 

7 

Ta=25°C 

01 

2.5 

14 

mA 

Ta=-55°C 

01 

6.6 

28 

Ta=25°C 

01 

_ 

200 

I 


I 


Table  13-7.  MIL-M-38510/121  TABLE  I  Electrical 

performance  characteristics  for  device  types  01  &  02  (Cont'd) 

Device  Limits 

Characteristics  Symbol  Conditions  Type  Min  Max  Units 

Reference  .AVp  [Ra=lmA  Vg^OV  01  -10  10  mV 

voltage  (TEMP  -55°C  TA  02-1  l  mV 

temperature  CYCLE)  125°C 

cycling 

hysteresis 


Reference 

^VRMt 

IR=lmA 

VS»30V; 

01 

-20 

20 

PPM 

voltage 

^t  *  1000  hrs 

TA=25°C 

02 

-20 

20 

PPM 

long  term 

stability 

Ta«45°C 

02 

-20 

20 

PPM 
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SECTION  XIV 


MIL-M-38510/128 

PROGRAMMABLE  PRECISION  VOLTAGE  REFERENCES 


14.1  Introduction 

Precision  voltage  references  were  previously  characterized  on 
MIL-M-38510/124.  These  were  two  terminal  devices  and  developed 
an  output  voltage  of  6.95  Vdc.  For  many  applications  the  users 
desire  a  precision  voltage  reference  at  10  Vdc,  5  Vdc  or  some  other 
level  depending  upon  the  system  application.  The  different  voltage 
levels  could  be  established  with  an  op  amp  circuit,  however,  this 
would  result  in  additional  temperature  and  time  drift  to  the  voltage 
reference.  Programmable  precision  voltage  references,  now  available 
in  TO-99  packages,  can  be  readily  programmed  with  external  jumpers  and 
have  received  good  user  acceptance. 

The  AD584S  and  the  AD584T  are  the  two  references  selected  for  this 
slash  sheet.  These  devices  were  selected  by  RADC,  GEOS  and  members 
of  the  JC-41  Committee  for  characterization. 

Table  14-1  lists  the  device  types  specified  for  this  characterization. 
Table  14-1.  Device  Types  Specified. 


Device 

Generic 

Output 

No.  of 

Type 

Type 

Manufacturer 

Voltage 

Terminals 

ES| 

AD584S 

Analog  Devices 

10, 7.5, 5,2.5V 

8 

H9 

AD584T 

Analog  Devices 

10,7.5,5,2.5V 

8 

14.2  Description  of  Device  Types 

The  AD584  is  a  monolithic  silicon  voltage  reference  circuit.  A  block 
diagram  of  the  circuit  is  shown  in  Figure  14-1.  The  heart  of  this 
circuit  is  a  high  stability  1.215  volt  bandgap  reference  which 
is  connected  to  non-inverting  input  of  a  high  gain  differential 
input  operational  amplifier.  The  feedback  for  this  amplifier 
is  through  a  series  of  laser  trimmed,  on-chip,  resistors  with 
tracking  temperature  coefficients.  These  series  resistors  have  binary 
relationships  of  4  Kohms,  8  Kohms  and  16  Kohms,  and  can  be  readily 
programmed  with  external  jumpers  to  change  the  output  reference 
voltage.  The  output  reference  voltage  can  be  programmed  for  10  volts, 
7.5  volts,  5  volts  or  2.5  volts  through  these  use  of  external  jumpers. 
In  addition,  the  feedback  resistor  ratios  can  be  adjusted,  with 
external  shunt  resistors,  to  obtain  any  desired  voltage  such  as 
10.24  volts,  5.12  volts,  etc.  Extreme  care  must  be  taken  when  using 
external  resistors  in  order  a)  not  to  draw  excessive  load  current  and 
b)  to  match  the  internal  resistor  negative  T.C.  values  of  less  than 
60  ppm/°C. 
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The  reference  circuit  can  operate  from  a  single  power  supply  ranging 
from  4.5  volts  to  30  volts.  The  input  voltage  must,  at  all  times, 
be  at  least  2.5  volts  greater  than  the  output  voltage.  Under  these 
conditions  the  unit  can  source  a  maximum  of  5  mA  load  current  over 
the  temperature  range  -55°C  <  TA  <  +  125°C. 

Another  feature  of  these  voltage  reference  devices  is  the  ability  to 
strobe  the  output  on  or  off.  The  strobe  input  is  designed  to  operate 
from  an  open  collector  TTL  gate.  When  the  output  of  the  TTL  gate  is 
open,  the  output  of  the  voltage  reference  is  at  its  programmed  voltage 
level.  When  the  output  of  the  TTL  gate  is  low,  the  voltage  reference 
is  approximately  zero  volts. 

14.3  Test  Development 

The  devices  chosen  for  these  characterization  were  selected  and  approved 
by  a  joint  decision  of  RADC,  the  JC-41  Committee  and  the  Circuit  Design 
Engineering  activity  of  GEOS.  The  devices  were  obtained  from  Analog 
Devices  for  characterization  and  are  listed  in  Table  14-2. 

Table  14-2.  Device  Types  Characterized 


Device 

Type 

S/N 

Manufacturer 

Date 

Code 

12801 

2826,2828, 

Analog  Devices 

None 

2829,2830 

None 

61,66 

016 

12802 

2822-2825 

Analog  Devices 

None 

201-206 

020 

Test  Parameter  Development 

The  test  parameters  were  recommended  by  the  manufacturer  for  this 
characterization.  Additional  characterization  tests  were  performed 
by  GEOS,  such  as  10  mA  output  current,  zener  mode  output  voltage  and 
source  impedance,  regulation  over  the  full  temperature  range,  and  strobe 
voltage  low  performance.  Except  for  the  transient  test  parameters, 
tests  were  performed  at  the  standard  -55°C,  25°C  and  125°C  temperaturet 
In  addition,  the  parts  were  characterized  at  0°C  and  at  70°C.  Power 
and  strobe  turn-on  settling  time  and  output  noise  were  measured  at 
25°C  only.  A  list  of  the  electrical  parameters  tested  during 
characterization  in  Table  14-3. 
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Table  14-3.  Test  Parameters  for  Characterization 


Item 

No.  Symbol  Parameter _ 

1  Icc  Quiescent  current  at  Vin  =  15  V,  40  V 

2  Vout  Referenced  output  voltage 

3  VRLINE  Line  Regulation 

4  VRLOAD  Load  Regulation 

5  DVout/Dt  Output  voltage  T.C. 

6  IOS  Output  short  circuit  current 

7  No  Output  Noise 

8  DV'o/Dt  Long  term  stability 

9  ts  (power)  Settling  time  (power  up) 

10  ts  (strobe)  Settling  time  (strobe  up) 

11  Vz  Zener  voltage 

12  Zz  Zener  impedance 

13  Vout  Output  voltage  (strobe  low) 

14  VgTBON  Strobe  voltage  for  delta  Vo=-10mV 

15  ION  Strobe  current  for  ^STBON 

16  VgTBOFF  Strobe  voltage  for  Vo=+10mV 

17  I0FF  Strobe  current  for  vSTBOFF 

18  IMAX  Maximum  strobe  current 

19  IMIN  Minimum  strobe  current 

20  VoSTB  Output  voltage  for  VsTB"®'^  v°lts 


Except  for  output  noise,  long  term  stability,  and  settling  time,  all 
test  data  was  obtained  on  the  S3270  using  a  S3270  test  adapter.  A 
schematic  of  this  adapter  is  shown  in  Figure  14-2.  This  adapter 
provides  both  the  control  circuitry  via  relays  to  establish  the  various 
operating  test  modes  and  the  proper  interface  between  the  DUT  and  the 
S3270  measurement  system. 

The  two  relays,  K1  and  K2,  are  used  to  provide  the  jumpers  for 
programming  the  output  voltage  to  the  nominal  values  of  10  volts,  7.5 
volts,  5.0  volts  and  2.5  volts.  Relay  K3  is  used  for  the  prupose  of 
characterizing  the  current  input  to  the  strobe  pin  as  the  input  strobe 
voltage  is  forced  to  values  ranging  from  Vin  to  zero  volts.  These 
measurements  were  included  for  evaluation  and  characterization  only. 
Relay  K4  provides  the  means  of  converting  the  device  from  its  normal 
operating  mode  to  a  simulated  "zener  mode"  of  operation.  With  relay  K5 
activated  the  input  voltage  and  output  voltage  pins  are  connected 
together  and  the  DUT  behaves  as  a  two  terminal  shunt  voltage  regulator. 
In  order  to  insure  precise  measurement  of  the  test  parameters, 
measurement  sense  lines  were  connected  directly  to  each  pin  of  the  DUT 
socket  to  be  measured.  This  eliminated  possible  ground  loops  from 
affecting  the  accuracy  of  the  measurement.  To. achieve  accurate  results. 
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an  external  Fluke  8100B  Calibrator  is  used  to  provide  the  proper 
stimulus  and  a  Fluke  DMM  8502A  is  used  to  measure  the  output  voltages. 
The  S3270  controls  these  instruments  via  an  IEEE  buss. 

Bench  Test  Development 

Test  circuits  for  output  voltage  settling  time  and  output  noise  were 
developed  using  copper  plated  "brass-boards"  in  order  to  achieve  good 
grounding  and  short  wire  lengths  between  the  critical  parts  of  the 
circuit.  The  schematics  for  the  strobe  up  settling  time,  the  power-up 
settling  time,  output  white  noise  and  output  1/f  noise  are  shown  in 
Figures  14-3  through  14-6,  respectively. 

Tester  Correlation 

Correlation  was  achieved  by  comparing  the  measurements  taken  with  a 
bench  type  setup  to  the  measurements  taken  with  the  S3270  setup.  The 
measurements  were  taken  on  the  same  device  in  both  setups.  Since  the 
measurements  require  an  instrument  with  an  accuracy  10X  better  than  the 
parameter  limits,  the  correlation  limits  are  set  at  20%  of  the  parameter 
limit.  The  data  for  these  measurements  are  presented  in  Table  14-4. 

Initially  some  failures  were  noted  in  the  attempt  to  correlate  bench 
data.  The  voltage  measurements  in  the  "zener  mode"  did  not  correlate. 
Measurements  made  on  the  bench  were  found  to  be  in  error  as  a 
result  of  an  out  of  tolerance  resistor  that  is  used  to  establish  input 
current  to  the  OUT.  Also  the  output  short  circuit  current  to  ground 
could  not  be  correlated.  The  S3270  tester  measured  the  current  at  the 
output  of  the  DUT.  For  convenience,  the  bench  set  up  measured  the 
input  current  to  the  DUT.  The  difference  is  the  DUT  quiescent  current. 
Full  agreement  between  the  S3270  test  set  up  and  the  bench  test  set  up 
was  obtained  when  these  measurement  problems  were  corrected. 

14.4  Test  Results  and  Data 

Data  on  the  test  and  characterization  parameters  was  obtained  from 
measurements  on  the  S3270  at  -35°C,  0°C,  23°C,  70°C  and  125°C.  A 
summary  of  these  test  results  is  presented  in  Table  14-5  and  illustrates 
the  data  distribution  and  test  limits  for  both  device  types.  Sample 
data  sheets  for  the  static  test  parameters  are  presented  in  Tables  14-6 
and  14-7  for  the  AD584S  and  the  AD584T,  respectively.  Also,  a  data 
sheet  for  the  dynamic  test  paameters  is  presented  in  Table  14-8.  Data 
was  obtained  for  a  range  of  input  voltage  from  12.5  volts  to  40  volts, 
and  for  load  currents  that  vary  over  a  range  from  zero  to  10  mA.  In 
addition,  the  DUT's  were  tested  for  "zener  mode"  operation  and  for 
strobe  line  operation. 

All  of  the  devices  met  the  specifications  defined  in  the  vendors 
catalog.  However,  several  of  the  devices  failed  to  meet  the  output 
voltage  requirements  with  load  currents  of  10  mA  at  temperatures  of  0°C 
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and  -55°C;  and,  two  devices  marginally  failed  the  line  regulation 
requirement  at  -55°C,  Also,  nearly  all  of  the  devices  failed  the  zener 
mode  test  at  125°C  with  input  currents  of  1  mA.  In  addition,  output 
voltage  failures  were  noted  at  -55°C  and  at  125°C  for  the  AD584T  voltage 
reference  devices  when  the  25°C  limits  are  used.  None  of  these 
conditions  are  specified  by  the  vendor.  Finally  bench  tests  showed 
marginal  device  type  failures  for  "1/f"  noise. 

14.5  Discussion  of  Data 

The  summary  data  presented  in  Table  14-5  shows  the  distribution  of  data 
for  each  parameter  with  respect  to  the  suggested  limits.  Since  the 
AD584S  and  AD584T  devices  have  many  common  test  parameter  limits,  the 
data  obtained  for  these  parameters  were  combined  for  presentation  in 
Table  14-5.  The  only  exceptions  to  these  common  test  parameter  limits 
were  output  voltage  tolerances  and  output  voltage  T.C.  tolerances.  The 
data  for  these  parameters  was  summarized  separately  for  each  device 
type. 

As  Table  14-r  shows,  all  of  the  specified  static  test  parameter 
measurements ,  except  for  line  regulation  over  the  full  temperature 
range,  met  the  respective  test  limits.  Two  of  t he  twenty  devices  tested 
failed  the  line  regulation  limits,  marginally,  at  -55°C,  and,  since 
these  failures  were  marginal,  new  test  limits  have  been  proposed. 

Four  devices  of  each  type  were  checked  for  output  noise.  All  of  these 
devices  failed  the  "1/f"  output  noise  bench  tests.  An  oscillograph  of 
this  failure  is  shown  in  Figure  14-  .  The  maximum  peak-to-peak  voltage 
shown  in  this  figure  is  approximately  75  u  volts. 

Although  this  noise  signal  exceeds  the  initially  specified  limits  of  50 
u  volts,  for  a  10  volt  dc  output  it  represents  output  voltage  variations 
of  only  7.5  PPM.  This  is  not  excessive  for  a  .1%  accurate  device  with  a 
15  PPM/C0  temperature  coefficient. 

"White"  noise  and  settling  time  were  also  measured  on  these  four 
devices.  The  power  up  (turn  on)  settling  time  measurements  were  within 
the  limits  specified  by  the  vendor.  However,  neither  "white"  noise  nor 
the  strobe  up  settling  time  are  specified  by  the  vendor. 

Data  taken  to  measure  "white”  noise  was  consistently  in  the  range  of  110 
to  120  Vrms.  By  assuming  the  accepted  ratio  of  6:1  between  peak-to-peak 
and  rms  "white"  noise  measurements,  the  measured  values  have  an 
equivalent  peak-to-peak  value  of  720  u  V„_p.  This  is  equivalent  to  72 
PPM  maximum  noise  variations  for  a  10  volt  d.c.  reference. 

Settling  time  measurements  were  made  to  determine  the  time  for  the 
device  to  settle  to  within  ±.1%  of  the  final  output  voltage  value.  Time 
measurements  were  made  by  initializing  either  the  input  power  or  the 
strobe  line.  Time  measurement  data  taken  on  strobe-up  settling  time  was 
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consistantly  2-3  times  longer  than  that  taken  on  power-up  settling  tine. 
Strobe-up  settling  time  measurements  varied  from  104  to  220  usee, 
whereas  power-up  settling  time  measurements  vaired  from  60  to  110  usee. 

14.6  Slash  Sheet  Development 

Test  parameters  for  the  voltage  reference  devices  were  recommended  by 
the  manufacturer.  Some  additional  parameters,  including  a)  line  and 
load  regulation  over  the  full  temperature  range,  b)  output  voltage  with 
the  strobe  input  voltage  log,  c)  output  "white"  noise,  d)  settling  time 
with  initialization  of  me  strobe  input  line  and  e)  long  term  stability 
were  added  to  Table  1  of  the  slash  sheet.  A  copy  of  Table  1  is 
presented  in  Table  14-9. 

14.7  Conclusions  and  Recommendations 

The  AD584T  and  AD584S  device  types  meet  the  needs  for  a  general  purpose 
programmable  voltage  reference.  Since  the  devices  are  only  .1%  accurate 
voltage  references,  they  cannot  be  given  an  unqualified  recommendation 
for  use  in  10  and  12-bit  converter  applications.  GEOS  recommends  that 
the  additional  tests  described  in  paragraph  14.6  be  included  in  the 
slash  sheet  to  insure  interchangeability  as  more  vendors  decide  to 
manufacture  these  devices. 
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Table  14-4.  Correlation  Data. 


PARAMETER 

BENCH 

DATA 

S-3270 

DATA 

CORRELATION 

DATA 

CORRELATION 

LIMITS 

VOUT  1 

9-9983V 

9.99720V 

l.lmV 

6mV 

VOUT  2 

7.5041V 

7.50333V 

770uV 

4.4mV 

VOUT  3 

4.9954V 

4.99501V 

390uV 

3mV 

VOUT 

2.5002V 

2 . 50028V 

-80uV 

1.5mV 

ICC  1 

7?4uA 

774uA 

0 

ICC  2 

78  UA 

7ouA 

2uA 

icc  3 

7?4uA 

772uA 

2uA 

ICC  4 

85uA 

83.3uA 

1.2uA 

IOS  1 

-11.7mA 

-11.85mA 

-150uA 

IOS  2 

23.5mA 

24 . 5mA 

-1mA 

VRL  1 

9.9983V 

9.99709V 

1.21mV 

6mV 

VRL  2 

9.9909V 

9-99584V 

1 . 06mV 

6mV 

VRL  3 

7.504 IV 

7.50326V 

840uV 

4.4mV 

VRL  4 

7.5028V 

7.50205V 

750u  V 

4.4mV 

VRL  5 

4.9954V 

4.99495V 

450uV 

3mV 

VRL  6 

4.9950V 

4.99455V 

450uV 

3mV 

VRL  7 

2 . 5002V 

2.5002 TV 

-70uV 

1.5mV 

VRL  8 

2. 500 IV 

2.50007V 

30uV 

1.5mV 

VRL  9 

9.9958V 

1.23mV 

6mV 

VRL  10 

7.5015V 

7.50063V 

670uV 

4.4mV 

VRL  11 

4 . 9945V 

4 . 99422V 

2?0uV 

3mV 

VRL  12 

2.5000V 

2.49989V 

HOuV 

1.5mV 

VRLI  1 

9.9986V 

9.99708V 

1 . 52mV 

6mV 

VRLI  2 

9.9990V 

9.99761V 

1.39mV 

6mV 

VRLI  3 

9.9983V 

9.99700V 

1.3mV 

6mV 

VZ  1 

9.9974V 

9- 99712V 

280uV 

6mV 

VZ  2 

7.5033V 

7.50324V 

60uV 

4.4mV 

VZ  3 

4.9948V 

mg 

3mV 

VZ  4 

9.9970V 

9- 99855V 

-1. 55mV 

6mV 

PARAMETER 

BENCH 

DATA 

S-3270 

DATA 

CORRELATION 

DATA 

CORRELATION 

LIMITS 

VZ  5 

7.5035V 

IHESSS9I 

- 1 . 12mV 

U.4mV 

VZ  6 

■KHi 

HBR3SR 

-570uV 

3mV 

USTBON 

10.68 

10.2350V 

4U5mV 

ION 

-108uA 

-1.5uA 

VSTBOF 

l*90mV 

^75mA 

15mA 

10  FF 

-73-3uA 

RSUH 

0.2uA 
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TABLE  14-5.  AD584S  &  AD584T  Data  Distribution  and  Limits 


PARAMETER 
(-55°C  <TA  <125°C) 

* 

LL< - 

[  / /DATA/ / 1 
— LIMIT - 

★ 

->HL 

Unit 

Quiescent  current 

* 

[/// 

]  * 

Vin=40V; 

TA=2  5°C 

0  <  .  . 

• 

.  .  . 

• 

.  .  >1.0 

mA 

Quiescent  current 

* 

(//] 

* 

Vin=15V; 

TA=25°C 

0  <  .  . 

• 

... 

• 

.  .  >1.0 

mA 

Output  voltage 

* 

[/] 

* 

AD584S , TA=2  5°C ; 

Vo=  10V  +/-. 

3X 

9.97  < 

... 

• 

>  10.03 

V 

* 

[/] 

* 

Vo=7.5V  +/-. 

3% 

7.478  < 

• 

.  .  . 

m 

>  7.522 

V 

* 

an 

* 

Vo=5.0V  +/-. 

3% 

4.985  < 

• 

... 

• 

>  5.015 

V 

* 

[/] 

* 

Vo=2 . 5V  +/-. 

3% 

2.4925  < 

• 

... 

• 

>  2.5075 

V 

Output  voltage 

* 

[///] 

* 

A0584T ,TA=2  5°C ; 

Vo=  10V  +/-. 

1% 

9.99 

< 

•  .  * 

> 

10.01 

V 

* 

[/////] 

1  * 

Vo=7.5V  +/-. 

VZ 

7.492 

< 

... 

> 

7.508 

V 

* 

[///] 

* 

Vo=5.0V  +/-. 

i% 

4.994 

< 

•  •  ♦ 

> 

5.006 

V 

* 

[//] 

* 

Vo=2.5V  +/-. 

n 

2.4965 

< 

•  •  • 

> 

2.5035 

V 

Line  regulation 

* 

[/] 

* 

TA=25°C; 

15V  N<Vin  430V 

-.002 

< 

.  0  . 

> 

.002 

X/V 

* 

[/] 

* 

12.5V  ^Vin  415V 

-.005 

< 

.  0  . 

> 

.005 

X/V 

Line  regulation 

(See  Note  1) 

u 

r* 

/////] 

* 

15V  4Vin430V 

-.002  <  .  0  .  >  .002 

%/V 

(See  Note  2) 

*  [///]*  U 

12.5V  4Vin  415V 

-.005  <  .  0  .  >  .005 

x/v 
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TABLE  14-5.  AD584S  &  AD584T  Data  Distribution  and  Limits  (cont'd.) 


PARAMETER 

*  [//DATA//]  * 

(-55°C  <TA  <125°C) 

LL< - LIMIT - >HL 

Unit 

Load  regulation  (All  Vo  values) 

*  [//]* 

-5mA  <TA  <0mA; 

TA=25°C 

-50  <  .  .  0  .  .  >  50 

PPM/mA 

*  [/////]* 

-55°C  <TA  <125°C 

-50  <  .  .  0  .  .  >  50 

PPM/mA 

Output  voltage 

*[//]  * 

VSTB=.4V; 

TA=25°C 

0  <  .  .  .  .  >  1.0 

V 

Output  short  circuit  current 

*[ )  * 

Vin=15V; 

Vo=10V 

0  <....>  30 

mA 

Output  voltage 

T.C.  (AD584S) 

*  [//////I  * 

(All  Vo) 

-55°C  <TA  <125°C 

-30  <  .  .  0  .  .  >  30 

PPM/C® 

Output  voltage 

T.C.  (AD584T) 

*[////]  * 

Vo=10,7.5,5V; 

-55°C  CTA  <125°C 

-15  <  .  0  .  >  15 

PPM/C® 

*  [////)* 

Vo=2.5V; 

-55°C  <TA  <^1 2 5°C 

-20  <  .  0  .  >  20 

PPM/C® 

Output  noise 

(See  Note  3 1 

Vo=10V; 

TA=25°C. 

*  (////] 

. 1Hz  <BU  <L0Hz 

0  < . >150 

uVp-p 

*  [1 

10Hz  <BW  <100KHz 

0  < . >150 

uVrms 

Settling  time 

(Power  up) 

*  []  * 

Vin-15V; 

TA=25°C 

0  <....>  500 

usee 

Settling  time 

(Strobe  up) 

*  1///1 

Vin-15V; 

TA=25°C 

0  <....>  500 

usee 

NOTE  1:  Serial  number  2822  and  2828  had  VRLINE  values  of  -.0023  7„/V 
and  -.0049  7„/V,  respectively. 

2:  Serial  number  2822  had  a  VRLINE  of  .0091  7./V. 

3:  Upper  limits  for  the  output  noise  are  being  negotiated. 
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Table  14- 


Table  14-6. 

APSS4S  DEVICE  TVPE-01  PIN  PROGRAMMABLE  PRECISION  VOLTAGE  REFERENCE  (cont'd). 
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Table  14-7  . 
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TABLE  14-8.  DYNAMIC  BENCH  TEST  MEASUREMENTS  (Ta  =  25* C) 


I 


343  340  330  328  245  220  188  170 

385  365  370  375  263  .253  19S  178 


Table  14-9.  Electrical  performance  characteristics  for  device  types  0I&02 


Do  vice 

hi  mi 

1  s 

Characteristic 

Symbol 

Condi t ions : 

Tv  pe 

Min 

Max 

On  i  i 

Quiescent 

ICC 

Vin=38V  ;  TA=25°C 

current 

Vo=  10V  1/ 

01  ,02 

0 

1 .0 

mA 

TA=25°C 

Vo=  10V 

01  ,02 

0 

1.0 

in  A 

Output 

VOUT 

TA=25°C 

voltage 

Vo=  10V 

01 

9.97 

10.03 

V 

Vo=  10V 

02 

9.99 

10.01 

V 

Vo = 7.5V 

01 

7 .478 

7.522 

V 

< 

o 

II 

• 

< 

02 

7.492 

7. 508 

V 

Vo® 5.0V 

01 

4.985 

5.015 

V 

Vo® 5.0V 

02 

4.994 

5.008 

V 

VO-2.5V 

01 

2.4925 

2.5075 

V 

Vo=2. 5V 

02 

2.4985 

2.  50  35 

V 

Tine 

ViU.INE 

12.5V  <Vin  <  1  5V ;  TA=25°C 

regulat ion 

Vo®  10V, 7.5V, 5.0V, 2.5V 

01,02 

-.005 

+  .005 

;./v 

15V  <Vi n  <30V ;  TA=25°C 
Vo®  10V 

01,02 

-.002 

+.002 

7./X 

12.5V  <Vi n  <  1 5V 

Vo®  I0V, 7.5V, 5.0V, 2.5V 

cl  ,02 

-.007 

+  .007 

:7v 

i  5 V  <Vir.  <30V 

Vo®  loV 

01  ,02 

-.00  5 

+.00  5 

:7v 

Load 

VKLOAD 

-5mA  <IL  <0mA  ;  1A=25°C 

01  ,02 

-50 

+50 

I’l’M 

regulation 

Vo®  10V, 7.5V, 5.0V, 2.5V 

/nA 

-5mA  <1L  <OmA 

01  ,02 

-75 

+7  3 

i’l’M 

Vo®  10V, 7.5V, 5.0V, 2.5V 

/mA 

Output  short 
circuit  current 

IOS 

Vo®  10V 

10,02 

- 

30 

m  A 

Output  voltage 
(Strobe  low) 

VOLT 

Vo®  10V  ;  Vstb®0.4V 

01  ,02 

1 

V 
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Tu  !>!•-■  I  t-'.l.  i  ! 

(< 

.  <  rrio.il  pe rforuaiioo  characteristics  for 
ioilt  i  11. led  ) 

device  types 

012.02 

Device 

Units 

i.h-i  r.i i  i  >  ri  s  t  ic 

S  v.  ilv.l 

(.mill  i  t  ions : 

Type 

'lin  flax 

lrn  i  t 

1  111  L  j  M  i  t 

DVUP'i 

-SV’t  <  I  Vi  a  >  jO(j 

VO  1  t  .i;v 

/Ilf 

23l'o  /  i,\  e,0(; 

t onpera L  i lr • 

Vo  -  1 0 V , 7 . 3V , 5 . OV  ,  2 .  5  V 

01 

-}■!  +JD 

PPM 

nt  ■  1  i  ic  iriH 

Vo=  1 'IV,  7.5  V,  5.0V 

02 

-is  +13 

/Co 

Vo-1 . 5V 

02 

-20  +20 

Output  noise 

!io 

Vo=  10V  ;  TA= 2 5°C 

0.1  Hz  <BW  <  1  (Hz 

01 ,02 

50 

uVp-p 

loltz  <HW  < ldOKhz 

01  ,02 

150 

uVrms 

So  1 1 1  i  n,(;  t  i  no 

ts(p) 

Vo=  10V  ;  TA=25°C 

to  . IT  of 

(power) 

final  value 

1L  OnA 

01  ,02 

500 

USUC 

(l’owor  up) 

L  l.=-5nA 

01,02 

500 

usee 

Sett  Ling  tine 

ts(s) 

Vo=  10V  ;  TA-25°C 

to  .  1 7,  of 

(st  robe ) 

t  i  na  L  va  1  uo 

I L= OnA 

01,02 

500 

usee 

(Strobe  up) 

lL=-5nA 

01,02 

500 

usee 

bong  torn 

DVOUT 

Vo=  10V  ;  TA=25°C 

stability 

/Dt 

I L=OmA  ; 

01,02 

25 

PPM 

t=1000hrs 

/Khrs 

XIV-26 


MISSION 

of 

Rome  Air  Development  Center 

KMK  plans  and  executes  research,  development,  test  and 
selected  acquisition  programs  in  support  o£  Command,  Control 
Communications  and  Intelligence  ich)  activities.  Technical 
and  engineering  support  within  areas  oj(  technical  competence 
ss  provided  to  ESP  Program  O^ices  fPGi)  and  other  ESP 
elements.  The  principal  technical  mission  areas  are 
communications,  electromagnetic  guidance  and  control ,  sur¬ 
veillance  oi  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling,  in&otunation  system  technology, 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility. 


